Effects of selected diets and metamorphosis on lipid composition of Dermestes maculatus DeG by Scoggin, John Kyle
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1949
Effects of selected diets and metamorphosis on
lipid composition of Dermestes maculatus DeG
John Kyle Scoggin
Iowa State College
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Entomology Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Scoggin, John Kyle, "Effects of selected diets and metamorphosis on lipid composition of Dermestes maculatus DeG" (1949).
Retrospective Theses and Dissertations. 15157.
https://lib.dr.iastate.edu/rtd/15157
EFFECTS OF SELECTED DIBITS AND METAMORPHOSIS ON LIPID 
COMPOSITION OP DERMESTSS MACUIATUS DSG. 
by 
John Kyle Scoggin 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Major Subject: Entomology 
Approved; 
In Charge of Major Work 
Head of Ma jWN^ parfaaent 
Dean of Graduate College 
Iowa State College 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
UMI Number: DP12942 
INFORMATION TO USERS 
The quality of this reproduction is dependent upon the quality of the copy 
submitted. Broken or indistinct print, colored or poor quality illustrations and 
photographs, print bleed-through, substandard margins, and improper 
alignment can adversely affect reproduction. 
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if unauthorized 
copyright material had to be removed, a note will indicate the deletion. 
UMI 
UMI Microform DP12942 
Copyright 2005 by ProQuest Information and Learning Company. 
All rights reserved. This microform edition is protected against 
unauthorized copying under Title 17, United States Code. 
ProQuest Information and Learning Company 
300 North Zeeb Road 
P.O. Box 1346 
Ann Arbor, Ml 48106-1346 
TABLE OP CONTENTS 
INTRODUCTION 1 
REVIEW OP LITERATURE 1^ . 
Lipid Requirements of Insects. • !{. 
Synthesis of Pat from Carbohydrates.#..... 11 
Synthesis of Pat from Proteins 13 
Synthesis of Fat from Non-fatty 
Substances 14 
Lipid Content of Insects Ip 
Orthoptera.. 19 
Odonata 23 
Hemiptera 23 
Homoptera 2k 
Lepldoptera. 26 
Coleoptera*. 34 
Hymenoptera. ••..... 3ob 
Dlptera. 4O 
Lipid Content of Insect Products.......... 43 
Effect of Diet Pat upon Body Pat 4^  
EXPERIMENTAL 4^  
Method. 4^  
Insect material. 4^  
Extraction... $0 
Determination of lipids by 
oxidation. 57 
Separation of lipid components 65 
Iodine values of puirlfied lipids 71 
Moisture determinations... 74 
Results 75 
Effects of metamorphosis and 
ageing on lipid composition.•....«.. 76 
Effects of selected diets on 
lipid composition. 83 
DISCUSSION 91 
Method 91 
Effects of Metamorphosis and 
Ageing on Lipid Composition.... 94 
Effects of Selected Diets on 
Lipid Composition 102 
ill 
CONCLUSIONS 106 
SUMMARY 112 
LITERATURE CITED 117 
ACKNOWLEDGMENTS 129 
APPENDIX. 130 
Iv 
LIST OP TABLES 
I. Water and Pat Content of Several 
Lepidopterous Insects 
(P^ om Kozhantshlkov 1938b). 30 
II. Lipid Analysis of Various Stages 
of Loxostege stictioalls 
(Prcaa Pepper and Hastings 19li.3) 32 
III. Pat Analysis of Several Lepidopterous 
In8©c 8 
(Prom Timon-David 1927a, 1928, I93O) 35 
IV. Pat Analysis of Several 
Coleopterous Insects 
(Prom Timon-David 1927a, I928, I93O) 39 
V. Effect of Diet Pat on Body Pat 
of Blatella germanica 
(From Melampy and Maynard 1937).* 
VI. Efficiency of Microextractor as Measured 
by Varying Period of Extraction..... $6 
VII. Determination of Purified Lipids 
by Oxidation.... 58 
VIII.Effect of Oxidation Conditions on 
Determination of Lecithin 6l 
IX. Determination of Cholesterol by 
Oxidation of Digitonide 63 
X. Determination of Lipid Components 
of a Known Sample 66 
XI. Iodine Humbers of Purified Lipids 
(Yasuda method) 73 
XII. Sample Weights After Heating at 102il®C. 
Por Varying Periods 7i^  
XIII.Water and Lipid Composition (Per Cent of 
Live Weight) of Different Stages of 
Permeates maculatus Deg, 77 
V 
XIV. Distribution of Lipid Components as 
Percentage of Total Lipid 78 
XV. Water and Lipid Composition (Per Cent 
of Live \liieight) of Prepupae of 
Dermestes maoulatus Reared on 
Various Media 81^ . 
XVI. Distribution of Lipid Components of 
Various Diets as Percentage 
of Total Lipid. 85 
1 
INTRODUCTION 
Lipids, sometimes referred to as lipins and lipoids, 
play an important role in animal metabolism. The term 
includes true fats, waxes, phospholipids such as lecithin 
and cephalin, cerebrosides, and sterols. Closely related 
to these compounds are others having a common solubility, 
such as higher hydrocarbons present in waxes, pigments, 
and the fat-soluble vitamins A, D, E, and K. 
With the exception of true fats, the function of the 
different fractions in insects is vague. Pats serve as 
important energy reserves during periods of embryological 
development, metamorphosis, and food scarcity. Fat per­
mits the storage of more combustible material gram for 
gram than does either carbohydrate or protein. Dietary 
and stored fats are sources of metabolic water which is 
of prime importance to those species living in an en­
vironment containing only small amo\mts of moistxire. A 
gram of fat, when completely metabolized, yields more 
than twice the amount of water produced by the metabolism 
of a gpam of non-fatty foodstuff. 
!Ehe importance of phospholipids, sterols, and lipids 
in their entirety becomes evident from experimental work 
with foinas of animal life other than insect. The cytoplasm, 
Golgi apparatus, mitochondria, and limiting membrane of 
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animal cells apparently contain lipids. Relatively large 
araomts of phospholipid and cholesterol are present in 
nuclei, and the chromosomes of some dividing cells are 
completely dissolved by fat solvents. Active muscles 
seem to contain more phospholipid than inactive ones, and 
the phospholipid molecule serves as a transport vehicle for 
fatty acids (Heilbrunn 1914-3)• 
Most investigations of insect lipids concern the total 
portion extracted by various fat solvents, and not the 
various components of the extract. For the present study, 
the petroleum ether-soluble fraction was assimed to consist 
of phospholipids, free sterols, ester sterols, and neutral 
fats. After extraction of the Insect material in an appara­
tus especially designed for small samples, the various 
components were separated by a modification of the methods 
of Boyd {1938) and Flnkel (19lf8). Determination of the 
various fractions was carried out by oxidation with potassium 
dichromate and calculations were made according to the method 
used by Boyd (1938) for blood. The above procedures were 
applied in an examination of the effects of metamorphosis 
and ageing on the lipid composition of permestes maculatus 
D© Geer*^ . It is the hope of the writer that this will 
h^is species is also known as D. vulpinus, but maculatus 
has clear priority as o^wn by Barber, H. S. (Bui. Brooklyn 
Ent. Soc. 37:17i}.-176, 19i^ ). 
3. 
present a more complete picture than has hitherto been 
available of the lipid content of an insect throughout its 
life cycle. 
In the second aspect of this lipid study, larvae were 
reared on different media and the prepupae were analyzed. 
The prepupal stage was chosen because the lipid content is 
near its maximum at this time and lipolysis evidently does 
not occur until shortly after pupation. Upon reaching the 
prepupal stage, the larvae become quiescent, the body is 
arched, and feeding ceases. Thus it was possible to select 
individuals of approximately the same developmental stage 
from the ctilture for analysis. Prom an investigation of 
this nature it jfiiould be possible to draw conclusions as to 
the effects of diet lipid upon body lipid. 
In addition to analysis of the lipid components, the 
tmsaturation of the fatty acids was evaluated by halogen 
absorption. Moisture content of the insect material was 
determined on replicate samples. 
ii-. 
REVIEW OP LITERATURS 
Lipid Requirements of Insects 
Th® amount of lipids contained in the diet of insects 
differs considerably because of varied food habits. As 
noted below, a few insects have been reared in the labora­
tory on a fat-free diet or on one containing only traces 
of fat. Entomological literature includes numerous 
references to the effect that some insects require fat or 
an ether-soluble factor for normal growth and reproduction. 
A number of these references offer experimental evidence 
that a factor present in the unsaponifiable portion of the 
ether-soluble fraction is required and, in most cases, 
this growth factor has been identified as a sterol. 
Cook and Scott (1933) reported that fat was not an 
essential constituent of the diet of Zootermopsis 
angimticollis. Termites on a regimen not containing fat 
exhibited a slightly greater increase in weight than when 
fat was included. Pat-soluble vitamins A and D were re­
quired and were supplied in the imsaponified portion of 
cod-liver oil. High concentrations of cod-liver oil were 
harmful, and the authors postulated that this might be due 
to the toxic action of large amovints of cholesterol present 
in the Tonaaponified fraction or to the occlusion of the 
tracheae by the oil. 
Ehe nutritional requirements of the mosquito, 
afaeobaldia incidens, have been investigated by Proat et al 
(1936). !Ehey concluded that fats were required, if at all, 
in very small amounts. A factor present in the non-lipid 
fraction of dried brewer's yeast was required. The addi­
tion of butter, vitamin D concentrate, carotene solution, 
or olive oil was non-beneficial. 
Parkin (193^ ) stated that Lyctus powder-post beetles 
developed normally on a diet of ether-extracted oak sap-
wood. 
Smith (19l]4) reared Gamponotus ants on a medium 
containing casein, sucrose, fat, linoleic acid, choles-
terin, salt mixture, and brewer's yeast. Omission of fat 
from the diet of nurse aats did not appreciably affect 
development of the yo\ing. Smith was aware that small 
amoTants of lipid may have remained in the yeast after 
washing with ethyl ether. 
According to Martin and Hare (19142), fats were not 
required by larvae of the mealworm, Tenebrio molitor, and 
actually inhibited growth when present in the diet in 
excess of three per cent. 
Bacot and Harden (1922), reporting on the vitamin re­
quirements of Drosophila, indicated that either a fat or 
fat-soluble factor or both were required for development, 
Richardson (1926) conducted a physiological study of 
the Mediterranean flour raoth, Ephestia kuehniella, reared 
on nfcieat flour extracted with various fat solvents. Extrac­
tion removed a growtii-promoting substance which was not 
conpletely restored by addition of the extract to the 
extracted flour. The growtli factor could be replaced by 
an ether extract of egg yolk but not by the ether or alcohol-
soluble fraction of butter. Richardson believed that the 
failure of Ephestia larvae to grow in an extracted medium 
was due to removal of vitamin A. 
Sweetman and Palmer (1928), in a study of tlie vitamin 
requirements of Tribolim confusum, stated that tiiis flour 
beetle did not require a fat-soluble factor for growth and 
reproduction of on© generation. However, the rate of 
development was accelerated by addition of a fat. The 
insect did not require vitamin A. 
The nutrition of flesh fly larvae, Lucilia sericata, 
has been investigated by Michelbacher et al (1932). Rapid 
growth was obtained on a medium of casein, yeast, mineral 
salts, cystine, butter, and cod-liver oil. 
7. 
Moakalenko (1933) reported ttiat cockroaches did not 
grow on a vitamin-free diet. Since a combination of sup­
plements was necessary, he concluded that vitamins A and 
B were required. The ether extract of wheat germ was the 
most potent source of the fat-soluble factor. MacCay (1938) 
stated that the German roach, Blatella geriaanlca, required 
growth factors present in yeast. Both fat-soluble and water-
soluble factors were essential. There was no specific 
indication that the fat-soluble requirements included 
vitamins A and D. 
As a result of biochemical studies on the sugar beet 
webworm, Loxostege sticticalis. Pepper and Hastings (1911-3) 
believed that linoleic acid was diet essential for normal 
development and reproduction. Sterile females did not con­
tain fatty acids having unsaturation greater than one 
double bond. 
Praenkel and Blewett (19i{.3b) stated that the moth 
Ephestia elutella requires a fat-soluble factor, contained 
in wheat germ oil, identical with linoleic acid. 
The sterol requirements of insects have been the sub­
ject of a ntcnbar of investigations. I»afon (1937) foxmd 
that a medium of gelose, nipaglne M, muscle peptone, 
lecithin, and Guyenot*s salt mixture required the addition 
of tiie hydro-alcoholic extract of yeast for normal 
8 
development of Droaophlla melanoRaster* USie fat-aoluble 
vitamins A, D, and E were not diet essential. Tatum (1939) 
noted tiiat Drosophila required three yeast factors in 
addition to its requirements for carbohydrates, amino 
acids, vitamins, and cholesterol. 
Van't Hoog (1935) cultured D. melanogaster aseptically 
on agar slants. Pat as such was not required but a factor 
present in the unsaponifiable portion of various oils was 
needed. There were no requirements for vitamins A, D, E, 
and P. In a later work {193^ ) he identified this factor 
present in the unsaponified fraction of fat as a sterol. 
Cholesterol, ergosterol, sitosterol, stigmaaterol, phytos-
terol, dihydro-cholesterol, and cholestenone were active 
at dosages of approximately 100-200 gamma per $ ml, of 
medim. Calciferol, bile acids, theelin, certain carcino­
genic compoxinds, cholesteryl-aniline, phenyl-choleaterol, 
chlor-cholestane, and epi-dihydrocholesterol appeared to 
be inactive even at higher dosages. 
Hobson (1935a-, 1935b) reported that larvae of the blow-
sericata, require a growth factor found in 
muscle oil, wool wax, wheat germ oil, egg yolk, cod-liver 
oil, and butter. Since the growth-promoting effect of the 
substances could be correlated with their cholesterol or 
sitosterol content, he concluded that the fat-soluble factor 
9. 
was a sterol, Ergosterol, lanosterol, and sitosterol were 
found to be less active than cholesterol. The larvae did 
not require fatty acids or fat-soluble vitamins. 
Gay {1938) reared Demestes vulplnus (maculatus) larvae 
on a diet of vitamin-free casein, debittered dried yeast, 
cholesterol, cystine, and MacCollm's salt mixture. When 
cholesterol was omitted, the larvae did not develop beyond 
ttie third instar. Fraenkel et al (I9I+J.) found that choles­
terol, dehydrocholesterol, cholesteryl acetate, and 
7-dehydrocholesteryl monobenzoat© at dosages of 1 mg. or 
less per 3 g* of food, satisfied the sterol requirements of 
£• yulpinus. Sitosterol, ergosterol, zymosterol, choles-
tanol, cholestene, 7-ii^ eto-cholesteryl acetate, 
7-hydroxycholesterol, 7-iiy<iro-cholesteryl dibenzoate, and 
calciferol were inactive, Puentes (19ij.8) noted tixat 0.1 
per cent cholesterol partially restored for D. vulpinus 
the growth factor removed from fish meal by ether and 
chloroform extractions. 
Nutritional studies of the confused flour beetle and 
the bean weevil were conducted by Chiu aid MacCay (1939)• 
The requirements of the former, Tribolium confusum, were 
included in a diet of casein, corn starch, yeast, cotton­
seed oil, and Osborn-Mendel salt mixture. Pat-soluble 
vitamins A and D and the ether-soluble fraction of yeast 
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did not appear to be diet essential. Results from the 
addition of cholesterol to a medium ccaitaining ether 
extracted jeast indicated that a sterol did not seem to b© 
an essential growth factor. To the contrary, the bean 
weevil, Acanthoscelldes obtectus, required a growth factor 
present in the ether extract of the kidney bean. This 
factor could be replaced by the addition of cholesterol. 
Frobrich (19i4.0) foxmd that Tribolium confustca required 
two factors present in tiie water-insoluble fraction of 
yeast. One was identified as a sterol, and the second was 
termed "Factor U". Maximum growth was obtained on a diet 
including 100 gamma of ergosterol per 1.5 g. of medium. 
The same ergosterol requirements existed for the saw-
toothed grain beetle, Oryzaephilus sm'inamensis. Offhaus 
{19i|-0) termed the two factors "a vital necessity Ux and a 
growth accelerator U2". Factor was identified as 
ergosterol aid factor TJ2 was fully replaced by histidine. 
Praenkel and Blewett (19i}.3a) reported that some of 
the common stored grain pests, including Sitodrepa, Ptinua, 
Ephestia, Tribolium, Lasloderma, aad Silvanus, required a 
sterol in the diet. The first three of these had greater 
quantitative requirements. 
According to Souza and Sreenivasaya (191^ 5)» a fat-
soluble factor was required for the growth and pupation of 
11 
Corcyra oephalonioa. Cholesterol, sitosterol, phytosterol, 
and ergosterol satisfied the demands, Calciferol did not 
support growth and appeared to exert a toxic effect. 
Synthesis of Pat from Carbohydrates 
tphe conversion of carbohydrates to fat in insects has 
been reported by several investigators. Johannson (1920) 
detemined a respiratory quotieat greater than 1.0 for 
Tenebrio molitor larvae on a carbohydrate-rich diet, this 
was interpreted as indicating a synthesis of fat. 
Tiiaon-David (1927b) reasoned that the presence of large 
amounts of fat in xylophagous larvae was due to a synthesis 
at the expense of the pentoses present in large quantities 
in wood. 
Pulton and Chataberlin (193ii-) investigated the changes 
in the fat composition of the beet leafhopper, Eutettix 
tenellus, after feeding on distilled water plus 1.5 per cent 
glucose and 1.5 per cent fructose. The fat content of over­
wintered females reached a raaxim\ara at about lijif. hours after 
feeding; spring brood females at 120 hours; and newly 
emerged males at 96 hours. They concluded that this leaf-
hopper was able to synthesize glycerides from a carbohydrate 
diet, ®ie ability did not continue indefinitely and the 
12. 
p\ire sugar diet was Insufficient. 
The fatty acida of the larval fat of the beetle 
Pachytaerua dactris were investigated by Collin (1933)• 
The larvae were found feeding on the fat-bearing endosperm 
of nuts of Manioaria saccifera. Patty acids with a lower 
molecular weight than oleic acid were present in the larval 
fat in about one-half the amoxint found in the kernel-fat. 
Oleic and linoleic acids constituted about 11 per cent of 
the kernel-fat and about ^ .O per cent of the acids in larval 
fat. This suggested that Pachymerus built up its fat 
reserve partly from assimilation of vegetable fat and 
partly by synthesis from carbohydrate or otlier non-fatty 
components of the Manicaria kernel. 
The metabolism of the corn ear-worn, Heliothis armigera, 
has been thoroughly studied by Ditman (1938)* The small 
amount of fat present in milk-stage corn, as compared to 
the more satiirated fat of the ear-worm, suggested a syn­
thesis of fat from carbohydrate. Ditman and Weiland (1938) 
noted that a rapid decrease in glycogen content of Heliothis 
in the prepupal period was correlated with a simultaneous 
increase in fat content. This indicated a synthesis of 
carbohydrate from glycogen. 
Schweet (191^ 1) concluded that the roach, Periplaneta 
americana, could synthesize fat from carbohydrate. 
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Synthesis of Pat from Proteins 
The synthesis of fat by insects reared on a protein-
rich diet lias been demonstrated in several instances. In 
each of three experiments, Hofmann (1872) determined that 
the fat content of mature MuseIda vomitoria larvae reared 
on deflbrinated blood exceeded that of the medium plus the 
seeded eggs. He concluded that these flies covild synthesize 
fat from protein. Weinland (I908) reported that larvae of 
the fly, Calllphora, could form body fat from diet proteins. 
Bogdanow (19O8) was unable to confirm the restilts of 
Hofmann and Weinland. In each of two experiments, the 
higher fatty acid content of flesh-fly larvae plus the food 
residue was considerably less than that of the original 
medim. 
Nishlkata (1922) concluded that the flesh-fly, 
Sarcophaga carnarla, was able to synthesize fat from protein 
since the fat content of larvae plus the food residue was 
sli^ t^ly greater than that of tiie original medium of horse 
meat powder or blood fibrin powder. The investigation did 
not indicate if the fat was formed directly from amino acids 
or through the Intermediate of carbohydrates. 
Abderhalden (1925) reared the dermestld, Anthrenus 
museorm, on a diet of silk thread (silk fibroin plus silk 
i4. 
glue). He concluded that this insect must be able to fcarm 
fat and carbohydrate from protein. 
According to Sinoda and Ktirata (1932), the very low 
iodine number of the ether extract of Permeates, as compared 
to that of the food, seemed to support the hypothesis that 
the body fat is partially synthesized from protein, 
Melampy and Maynard (1937) stated that the German 
roach, Blatella germanica, was able to convert diet pro­
tein into body lipid. Schweet (19ij-l) concluded that the 
American cockroach, Periplaneta americana, was able to 
synthesize fat from protein, although to a lesser degree 
than synthesis from carbohydrates. 
Synthesis of Pat from Non-fatty Substances 
In a few cases, the diet source from which insect 
lipids were derived has not been specified. Loeb (1915) 
reared lai'osophlla in a medium of cane or grape sugar solu­
tion, inorganic salts, a small quantity of macerated filter 
paper to keep the flies from drowning, and a nitrogen 
source. !Hae complicated nitrogen compounds of the body 
were evidently formed from the alanine, glutamic acid, 
ammonium tartrate, or ammonium succinate added to the 
solution. Body lipids were evidently synthesized from the 
15. 
atigars or the nitrogenouB corapomds. 
Collin (1933) concluded that larvae of the beetle 
Pachymerus dactria could oyntheaize fat from carbohydrates 
or other non-fatty substances contained in the kernel of 
Manlcaria. 
Parkin (193^ ) reared Lyctus powder-post beetle larvae 
on a diet of ether-extracted oedc sapwood. The larvae 
evidently formed body fat from carbohydrates or proteins 
present in the wood, 
MacCay (1938) reared Blatella germanica on a diet of 
dried skim milk and gro'und whole vi^ ieat containing 0,86 per 
cent ether extractives (dry basis). This insect was able 
to synthesize fat since the adults, reared on a weighed 
amount of food, contained about three times as much lipid 
as the ingested foodstuff. 
Lipid Content of Insects 
Entomological literature contains many references per­
taining to tixe lipid content of insects. In many instances 
the method of preparation of the insect sample and the 
method of analysis are not clearly set forth. It is often 
impossible to determine if an effort was made to decrease 
gut contents of the insect before analysis. By far the most 
l6. 
conaaon method of analysis la extraction of a large niuaber 
of insects witti ether and determination of the weight of 
the residue after evaporation of the solvent. The results 
are moat often expressed as "per cent fat" or "per cent 
ether extract" and do not always specify if the analyses 
are on a dry weight basis or a wet weight basis. 
Factors which influence tiie character of stored fat in 
insects have been discussed by Timon-David (1930)> Ditman 
(1938), aid Schweet (191^ -1). An enumeration of such factors 
includes the following; development} nutrition; environ­
mental temperature; sex; systematic position; starvation; 
hibernation; and cold hardiness. In general, ti::» total 
lipid content of insects increases during development of 
the immature form. This is followed by a decrease during 
the pupation of holometabolic insects. Timon-David (1930) 
reported an exception to this statement for Leptinotarsa 
decemlineata. The fat content increased from three per cent 
of the live weight in larvae to 13#4 per cent in adults. 
The body fats of an insect are affected both quanti­
tatively and qualitatively by the diet fat. A more complete 
discussion of this factor is included imder a later separate 
heading. 
Insects of tropical regions appear to form body fats 
with higher iodine values than those of temperate regions. 
17. 
Timon-David (1930) cited the example of a curculionid, 
Rhjnehophorua palmariaa. 
Peiaales usually contain a hi^ er percentage of ether 
extractives than males of the saiae species* IHais la cor­
related with a storage of food reserves for egg production. 
In some cases, there is only a slight difference between 
the two sexes, and in the silkworm, Bombyx mori, the male 
contains a higjaer percentage of fat than the female (Timon-
David 1930). 
Systematic position affects the nature of stored fat 
in that insects of the same genus and family often have 
similar food habits. As an example, aphids possess a body 
fat characterized by a low iodine value (Timon-David 1930)* 
This similarity within a group should be attributed to 
homophagous nutrition and not to systematic position. 
Starvation affects the lipid content of insects since 
fat reserves are usually the first class of reserve food­
stuffs to be cons\imed during periods of want, Kiis 
experience is closely related to the one of hibernation in 
that the end result is the same. If the insect survives 
either one of these periods, it emerges with depleted fat 
reserves. 
Cold hardiness, as a factor influencing the character 
of stored fats, is mentioned in a citation of the work of 
18. 
Sacharov (1930) and Kozhantshlkov (1938t>)« Pat content may 
possibly Influence tiae cold hardiness of insects, 
Tiie factor of migration itxould probably be added to 
the above list. In species possessing both solitary and 
gregarious phases, the gregarious form seems to contain 
greater fat reserves (Matthee 19lf5)- migrating 
Lepidoptera the stored fat is consumed but may be replen­
ished after normal food habits are resixmed (Beall 19l|.8)« 
It is possible to make a few general statements con­
cerning insect fats. Major components of the fatty acid 
fraction appear to b© oleic, linoleic, palmitic, and stearic 
acids. Stearic acid predominates over palmitic in most 
instances. Linolenic, arachidic, and other higher fatty 
acids have been isolated from insect lipids. Acids of 
lower molecular weight have been identified in insect waxes 
by Gadmner (191?) and Schulz (1922), and in the extract of 
Pemphipius (Aphididae) by Timon-David (1928). A review of 
available literature does not give stifficient information 
to warrant generalizations as to the phospholipid and 
sterol fractions of tlie total lipid. 
Specific information regarding lipid content has been 
arranged in the following sections devoted to various orders 
of insects. 
19. 
Orthoptera 
Nutritional studies with the German roach, Blatella 
germanica (Blattidae), were conducted by Melampy and 
Maynard (1937). The lipid content of nyajdia was 5»72 
per cent) females with egg capsules, ij-.TS per centj and 
males, 1.70 per cent. The iodine number was 69 for nymphs 
and 7k- males and females. MacCay (1938) also investi­
gated the nutritional requirements of the German cockroach. 
When fed a diet of dried skim milk and viiole ground wheat, 
the adults contained 1^ .6 to 17.1 per cent ether solubles 
(dry basis) with an iodine number of 55 to 57• The water 
content was 6i|..3 to 66.3 per cent. The insects were 
fasted for 2l{. hours prior to analysis to decrease gut 
contents. 
Timon-David (1930) reported that adults of the cock­
roach, Periplaneta orientalis (Blattidae), contained Ij..3 
per cent ether extractives (wet basis). Schweet (19^ 1) 
reared the roach P. americana on a stock diet of banana, 
whole wheat bread, and white bread moistened with distilled 
water. Hlxe adult females contained 28.63 Per cent lipid} 
the adult males contained 25.55 per cent (dry weight basis). 
The average water content was 63.33 PeJ? cent for females and 
67.81 per cent for males. 
20. 
An examination of the cold resistance of certain 
insects was conducted by Sacharov (1930)• The fat con~ 
tent (wet basis) of eggs of the grasshopper Lociista 
migratoria (Acridiidae) was 2.1^ .3 per cent, and of three 
to five day nymphs, 2,75 pejP cent. She water content of the 
two stages was 66.ij.6 per cent and 86.20 per cent, res­
pectively, Pat was determined by extraction with 
tricholoroethylene and evaporation to constant weight 
at 100°C. Matthee (191(5) investigated some of the bio­
chemical differences between the solitary and gregarious 
phases of two species of locusts. The fat content of 
Locusta mifcratorla solltarla (fifth instar) was 2.83 per 
cent on a weight basis, or 11.11 per cent on a dry basis. 
This content increased to 3*56 per cent (wet basis) or 
lJ^ .02 per cent (dry basis) in L. migratoria gregaria. 
The fat content of L. pardalina solitaria (fifth instar) 
increased from^  2,8? per cent (wet basis) or 12.79 pe^  ^cent 
(dry basis) to 3»66 per cent (wet basis) or ll4.,63 per cent 
(dry basis) in the migratory phase, Pat was deterinined by 
extraction with ethyl ether and evaporation to a constant 
weight. 
The nature of the fat in the grasshopper, Melanoplus 
atlantis (Acridiidae), was reported by Giral et al (19ij.6), 
Extraction of 2.2 kg. of dry material gave 18.0 g. (about 
21. 
0.8 per cent) neutral fat and S* (about 2.I4. per cent) 
free fatty acids. The free acids consisted of stearic 
acid, pel* cent; palmitic, 6,7 per cent; arachidic, 2.1 
per centj unsaturated 0^ .5 acid. If,If per cent; unsaturated 
Cl8» 31.5 psr cent; unsaturated C20» per cent; and 
unsaturated C22» *^7 P®^  cent. Linolenic acid was not 
present but triethenoid acids of the C20-22 series appeared 
to be present. 
Slifer (1930) extracted the fatty acids from the eggs 
of another grasshopper, M. differentialia (Acridiidae). 
The newly deposited egg contained higher fatty acids in 
the amount of 9 3.2 per cent of the fresh weight. At 
the time of hatching approximately 1^ .6 per cent of the fatty 
acids remained. The iodine value remained fairly constant 
d\iring the developmental period (131.5 for ©Sgs 1 day old). 
Pfeiffer (19i]l.) investigated tiie effects of removal of the 
corpora allata on the fat and water content of M. differen-
tlalis. Females allatectomized shortly after emergence 
contained 2I4. per cent fat (wet basis) and $1 per cent water 
on the eighty-seventh day of adult life as conpared to 3*5 
per cent fat (wet basis) and 68 per cent water in normal 
females of the same age. 
Timon-David (1930) reported that Qrthacanthacris 
aegyptia (Acridiidae) contained 2.5 per cent fat (wet basis). 
22. 
Tsujimoto (1929) conducted a fat analysis of 
Oxya japonica (Acridiidae), insect contained 3 peJ? 
cent fat (dry basis) characterized by a saponification 
nmber of 171.5J an iodine value of 122.6; and 15-75 per 
cent •unsaponifiable loatter. Sterols constituted ijif.l per 
cent of the latter according to the digitonin method. 
Palmitic, stearic, oleic, linoleic, and linolenic acids 
were identified. 
Components of the body fat of Taeniopoda auricornis 
(Acridiidae) were reported by Giral et al (1914-3)• Patty 
acids of the females were segregated as 35.0 per cent 
satxirated acids, 6«5 per cent oleic acid, and 5Q*5 per 
cent linoleic acid. (Kie fatty acids of the mles consisted 
of 15.5 per cent saturated acids, 2J4..O per cent oleic acid, 
and 60.5 per cent linoleic acid. The lipid of tiie female 
contained 5.1 per cent unsaponifiable matter, and the male, 
6,5 per cent. 
According to Giral (19i].6), 2»$2 per cent of the fresh 
weight of adult Sphenarium purpurascens (Acridiidae) was 
extracted by petroleum ether. The extract was character­
ized by a saponification value of 170; an iodine value of 
93.8; and 10.9 per cent unsaponifiable matter. A tri-
ethenoid acid was present but was probably not linolenic. 
23. 
Stone burg (19^ 1-3) analyzed the lipids present in fresh 
muscle from the grasshopper Brachyatola magna (Acridiidae). 
The thoracic muscle contained 1.025 per cent phospholipid, 
and the thigh muscle l,2lj. per cent. Cholesterol constitu­
ted O.OI45 per cent of the fresh weight. 
Tiie ether extract of Acheta mitrata (Gryllidae) was 
characterized by Tsujimoto {1929). The body lipid, consti­
tuting 2,14. per cent of the fresh weight, exhibited a 
saponification number of 181.5 and an iodine value of II6.O. 
Unsaponifiable matter made up 11.32 per cent of the extract 
and contained per cent sterols. 
Timon-David (1930) gave the fat content of adult 
Gryllotalpa vulgaris (Gryllidae) as 7*0 per cent (wet basis), 
Odonata 
The fat of a dragon-fly, Aeschna (Aeschnidae), consti­
tuted 2,if. per cent of the live weight and had an iodine 
value of 103 (Timon-David 1930). 
Hemiptera 
The ether-soluble extract of the chinchbug, Blissus 
leucopterus (Lygaeidae), was determined by Schweet (19^1-1). 
The lipid content was 3^ .2? per cent (dry basis) in July. 
By February of the following year, after foxir months of 
2i{.. 
hibernation, the figure was 27*19 P®r cent; in April, when 
the chlnchbugs were becoming active, the content had de­
creased to 10,25 per cent, 
Maciuca (1935) analyzed specimens of Pyrrhocoria 
apterua (Pyrrhocoridae) throughout the year, The fat con­
tent reached a maximum of 32,7 per cent (dry basis) in 
Hoveraber and declined during the winter months to a minimum 
of 18.11 per cent in April, 
Homoptera 
Pulton and Chamberlln (193^ }-) determined the fat content 
of the leafhopper, Eutettix tenellus (Cicadellidae), at 
intervals after adults had been exposed continuously to 1.5 
per cent glucose or 1,5 per cent fructose solution. The 
fat content of overwintered females increased from 3l^ «2 
per cent (dry basis) to a maximum of i^ .2 per cent at l)|i| 
hours after feeding and declined to ^ proximately 35 P©i» 
cent at 33^  hours. The fat content of yo\ing males ranged 
from 11.5 pel* cent (dry basis) at emergence; to 13.2 per 
cent at 9^  hoiirs after feeding; and to approximately 12 per 
cent at 2i|.0 hours. The pure sugar diet was evidently insiif-
ficient and ttie leafhoppers were unable to maintain them­
selves, Pulton and Roimiey (19ii-0) found a correlation 
between the chloroform-soluble fraction of beet leafhoppers 
25. 
and the distance they had dispersed In the spring. Along 
tiae first route of dispersal the percentage of total chloro­
form extractives decreased from 38.ij. per cent (dry basis) 
Sutettix taken nearest the breeding source, to 8,9 per 
cent in specimens collected 205 miles away. Along the 
second route, the chloroform extract decreased from 39.5 
per cent to 6.6 per cent over a distance of 39® miles. The 
ether-extractive content of female beet leafhoppers, after 
feeding on sugar beets or desert sage during the fall and 
winter seasons, was determined by Cook (191414.). The average 
female Eutettix weighed 1.00 to l.ij.0 mg, and contained 
0,14.0 to 0,75 clry matter. The average total ether 
extractives of a female placed on sugar beets decreased 
from 0.290 mg. to 0,073 nig. at the end of II4. weeks. The 
ether extractives of a female placed on desert sage de­
creased from O.28I4. mg. to O.OljJL mg. at the end of 10 weeks. 
Overwintering females normally live for a month or longer 
diiring the winter on perennial shrubs such as desert sage 
before moving to a new host plant. 
The fat content of several aphids (Aphididae) has been 
reported by Timon-David (I928, 1930). Pemphigus 
utricularius and P. cornicularius contained 19*5 per cent 
ether extractives (wet basis) characterized by a saponifi­
cation number of 255 and iodine values of 1.2 to 7.5* The 
26. 
extract of P. utricularlus contained 1.7 P©r cent vinsaponi-
fiable matter. The fat content of other aphlds was as 
follows: Aphis rumlcla, 7.5 P©r centi H^ alopterus pruni, 
6.2 per centj and Aphis rosae, 6.0 per cent. Exe iodine 
values ranged from 16.2 for A. rosae to 22.0 for H. prunl. 
Lepidoptera 
The different stages of the silkworm, Bombyx mori 
(Bombycidae), have been analyzed for fat by several workers. 
According to Tichomiroff (1885)# overwintering eggs of the 
silkworm contained 8.08 per cent fat, l.Oi], per cent lecithin, 
and 0,1|.0 per cent cholesterin. Developing eggs contained 
I}.,if2 per cent fat, I.76 per cent lecithin, and 0.35 pei* 
cent cholesterin. The above determinations are presumed 
to be on a fresh weight basis. 
The fat content of spinning larvae and pupae of B. mori 
was determined by Kotake and Sera (I909). The fat of spin­
ning larvae varied from 2.82 per cent to 3»80 per cent. 
The fat content decreased about I4.3 per cent after 13 days 
of pupation in one case, and about 33 Pei* cent after lij. 
days of pupation in another case. The xmsaturated fatty 
acids of Bombyx chrysalis oil were investigated bj Klmura 
(1927). The oil contained 71«3 pei* cent liquid fatty acids 
with an iodine value of 173* The acids consisted of 29.8 
27. 
per cent oleic acid, I|.8.9 per cent linoleic acid, and 21.3 
per cent linolenic acid. ®ae above percentages were based 
on the bromide method. Calculated by the thiocyanogen 
method, Kimura (1930) detemined that the unsatiirated 
acids were oleic acid, 29.2 per centj linoleic acid, 35*9 
per cent; and linolenic acid, 3it-»9 cent. Suzuki and 
Yokoyama (1928) reported that the pupal oil of B. mori con­
sisted of glycerides of palmitic, oleic, isolinoleic, and 
linolenic acids. Crude glycerides comprised 83 per cent of 
the oil and triolein made up more than one-half of this 
amount. According to Bergmann (1936), chrysalis oil fatty 
acids consisted of 20 per cent palmitic, if per cent stearic, 
2 per cent palmitoleic, 35 per cent oleic, 12 per cent 
linoleic, 28 per cent linolenic, in addition to about 1 per 
cent saturated aid 1 to 2 per cent of msatxirated acids 
containing more tiian I8 carbon atoms. IPhe lansaponifiable 
matter of the chrysalis oil amovinted to about 1.$ to 1,6 
per cent of the total, and contained 33 per cent sterols. 
Various stages of B. mori aid Dellephila (Sphingidae) 
were analyzed for fat by Heller (I926). Larvae of Bombyz 
contained 3*20 per cent fat (wet basis); pupae, 5»95 per 
cent; and adults, 9.06 per cent. This increase in fat con­
tent was accompanied by a decrease in water content from 
80.3ii- per cent in larvae to 71.77 per cent in adults. 
28. 
Mature larvae of Dellephlla contained 3*5 cent fat 
{wet basis); pupae, 3.83 P©i* cent; and newly emerged adults, 
6,1 per cent. 
Thorns (1913) stated that the moth, Myelobia smerintha 
(Galleriida®) contained 22 per cent fat, with the fatty 
acids consisting of about one-third satiirated acids and 
two-thirds unsaturated acids. 
The moisture and fat contents of the tent caterpillar, 
Malacosoma americana (Lasiocampidae), were studied by 
Rudolfs {1926a, 1926b). Pat content of the eggs decreased 
from per cent {dry basis) at t he time of deposition 
to 0,56 per cent at the time of hatching. A trace of 
cholesterol was present in freshly laid eggs but was not 
identifiable after developraent began, Pat deposits in­
creased throughout larval development and reached a 
maximum of 28.82 per cent shortly after pupation, Pat 
constituted 2i|.«72 per cent of the adult dry weight. Mois­
ture content increased rapidly during the first two larval 
instars; remained constant iintil larval maturity; end 
decreased dxiring pupation. The maximum water content of 83 
to 85 per cent was reached during the third to the fifth 
instar. 
Sacharov {1930) made fat determinations of several 
lepidopterous insects in a study of cold resistaxKJe. 
29. 
Hibernating caterpillars of tiie brown tail moth, Euproctis 
chrysorrhoea (Lyiaantriidae), contained 71*83 per cent 
water and 1^ .93 P®!* cent fat (wet basis). After feeding 
for a few days, the water content Increased to 82.9ll- P®!' 
cent and the fat content decreased to 2,52 per cent. 
Larvae of Biixoa segetum (Noctuldae) contained 6.42 per 
cent fat (wet basis) in the auttunn; 5»2ii. per cent in the 
spring} and 1,83 pe?- cent in the stunmer. The water content 
increased from 71*38 per cent in the autumn to 8I4..69 per 
cent in the sutmaer. Hibernating adults of Scollopteryx 
llbatrix (Noctuidae) contained lf8,65 per cent water aid 
18.18 per cent fat (wet basis). Cold hardiness was cor­
related with a high fat content. 
Pat and carbohydrate metabolisms of adult Lepidoptera 
were studied by Kozhantshikov (1938a). Newly emerged 
females of Agrotls segetum (Noctuidae), fed 1^ 9 P®r cent 
glucose solution, were able to increase their average fat 
content from 12«3 per cent (wet basis) to 13.5 pei* cent. 
Females of the European corn borer, Pjrausta nubilalis 
(Pyraustidae) were not able to maintain their average fat 
content of li|.,5 per cent (wet basis) isflaen fed I|.0 per cent 
glucose solution. Pat reserves were depleted through ovi-
position unless concentrated sugar solutions were fed. 
30. 
Kozhantahikov {1938l>) analyzed several lepldopterous 
insects in an investigation of cold hardiness. Tlie data 
as to fat and water content are summarized in Table I, 
The fat content exhibited no evident correlation with the 
cold hardiness in the species studied. The author postu­
lated that the important role in cold hardiness in insects 
may be that of unsaturated fatty acids. 
Table I, Water aad Pat Content of Several Lepldopterous 
Insects (Prom Kozhantshlkov 1938l>) 
Species Family Stage % mtev % Fat^  
Aeronycta 
ru^ cls Noctuldae pupa 63 
Agrotis 
segetiuia Noctuidae 
if and 5 
instar larvae 
prepupa 
88 
73 
23.1 
30,1 
Calocasia^  
cbryll Noctuida© pupa 63 29.5 
Daeeochaeta 
alplum Noctuidae pupa 58 12.5 
LoxosteKd 
stictlcalis Pyralididae 
3 and I4. 
instar larvae 
pupa P 60 29*7 30.2 
I^ rmantrla 
dispar Lymantriidae eggs 62 6.0 
D^ry basis 
P^robably Calophasia. Calocasia is not listed by Heave 
(1939). 
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Bachstez and Aragon {19i}2) characterized the oil of 
Acentrocneme hesperaris (Hesperidae), The oil, which made 
up 10 per cent of the fresh weight of the larva, iiad a 
saponification number of 179*85 and an iodine value of 
59»25. Uhsaponifiable matter accoxmted for 2 per cm t of 
the total lipid. The fatty acid con^ osition was palmitic 
acid, 30*0 P©r cent; stearic acid, 3*6 per cent; oleic 
acid, 60,1 per cent; and linoleic acid, I4..3 per cent. 
Linolenic acid was not present, 
pepper and Hastings (19i|3) characterized the fat of 
different stages of the sugar beet webworm, Loxoste^ e 
aticticalis (Pyralididae), The data are auxmnarized in 
Table II. 
The fat of diapausing larvae of the codling moth, 
Carpocapsa pomonella (Eucosmidae), was studied by Hastings 
and Pepper (19i|4). The ether extract, amounting to 1^ ,2 
per cent of the dry weij^ t, had a saponification number of 
202 and an iodine value of 100. The total lipid contained 
1.34- P®^  cent unsaponifiable matter. Analysis of the 
glycerlde composition resulted in the following valuesj 
3.6 per cent saturated acid glycerides; Til-.3 P®^  cent oleic 
acid glycerides; and 20.8 per cent linoleic acid glycer­
ides. Total fatty acids included 12.0 per cent saturated 
acids, and 88,0 per cent unsaturated acids. 
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Table ZI. Lipid j/^alysis of Various Sta^s of Loxostege 
atiotioallg (From Pepper and Hastings 1^48) 
Stage % 
Pat 
Iodine 
nuidber 
of Fat 
Ohsapon-
ifiable 
matter 
Satu­
rated 
aeids 
% 
Oleio 
aeid 
% 
Linoleie 
aoid 
% 
Linolenie 
aeid 
1 instar • 134.9 m m m «e m 
Z instar 
-
131.3 -
-
m 
-
m 
S instar 
-
1S6.1 
- -
m 
-
m 
4 instar «• 124.4 
- -
m 
5 instar 5.9 122.2 3.8 23*2 31.5 26.1 18.6 
prepupa 7.6 119.4 3.5 24.0 38.3 13.3 23.4 
pupa m 112.8 2.8 24.1 41.4 13.2 20.1 
femle 
(fertile) 9.5 69.8 3.1 34.1 S4.5 0.3 10. S 
femle 
(partially 
fortilel) m 3.8 24.1 63.6 <1.0 9.9 
feoale 
(sterile) - m 2.3 24.5 70.8 0 0 
male 3.2 m m 
- -
%osie of the femles inoluded in the sample vere fertile. 
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Differences in the fat content of the solitary and 
gregarious phases of two species of noctuid moths were 
investigated by Matthee (19l|.5)» Laphyppna exempta golitaria 
larvae contained 1.5l per cent fat {wet basis), whereas 
larvae of L. exempta gref^ aria contained 2.73 cent. In 
the case of Spodoptera abyssinia, the fat content of 
soli tar ia larvae amoxanted to 3 •IS per cent of the fresh 
weight and that of pupae to 7*11 per cent. Larvae of 
gregaria contained 1^ .9^  per cent fat and the pupae contained 
9*35 per cent. The differences in the fat content of the 
two phases showed significance when analyzed statistically. 
The fat content of two migrant moths has been reported 
by Williams (191^ 5). Analysis of the total body minus the 
wings was made by determining the difference in dry weight 
before and after extraction. Tiae average fat content of 
Phlogophora aeticulosa (Phalaenidae) females was l8,8 per 
cent and that of males was 1^ *6 per cent. Females of Plusia 
gaama (Noctuidae) contained an average of 33»8 per cent fat, 
and males contained to 3ii-*8 psz* cent. A large varia­
tion existed between replicate determinations. 
Beall (1914.8) checked on the effect of migration on the 
fat content of Danaus plexippus (Nymphalidae). The trunk 
of the body was extracted in a Bailey-Walker extraction 
apparatus for 23 hours with ether. Results were expressed 
3il-. 
as of lean weight", lean wei^ t being the dry weight 
minus ttie weight due to fat. Kxe fat content of the trunk 
of a female Danaus in Ontario during the suramer was 21 per 
cent (lean wei^ t basis) and that of a male was l6 per 
cent. In the autxcan these aiaovmts increased to 7^  per 
cent and 72 per cent, respectively, the fat reserves were 
depleted dtiring a period of migration as evidenced by the 
fat content of adults collected in Louisiana in late October. 
These last values were 3 per cent for females and 2 per cent 
for males. The stored fat increased again in migrated 
adults to 23 per cent for females and 12 per cent for males. 
Timon-David (1927a, 1928, 1930) reported on the fat 
content of several lepidopterons. The data are svunmarized 
in Table III, 
Coleoptera 
The larva-fat of Pachymerus dactris (Bruchldae) was 
studied by Collin (1933)* Kie semi-solid fat, making up 
approximately i|.7 per cent of the dry weight, had a saponi­
fication equivalent of 260.7 and an iodine value of 37 
Analysis of the fatty acids gave the following results: 
latiric acid, 2I4. per cent; myristic, 21 per cent; palmitic, 
8 per cent; oleic, 32 per cent; linoleic, 3 per cent; and 
stearic, oleic, or linoleic, 12 per cent. 
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III* Fat AzLalyais of Several Lepidopterous Inseets 
(From Union-David 1927a, 1928, 1930) 
Speeies Family Stage 
§5 
Fat 
(wet 
basis) 
Iodine 
nusiber 
Iftisapon^ 
ifiable 
matter 
Arotia oaja Arotiidae larva 4.1 138,3 «• 
Cossus lignlperda Cossidae larva 
flidiilt 
27.6 
14,2 
76.2 m 
J^srelobia saerintha Galleriidae adult 22*0 - «• 
Mal&oosoraa franoonioa La8ioeaiq>idae larva 1.9 138.0 -
Asura oonferta Lithosiidae larva l.OS 102,9 
-
li^aantria die par l^jnssmtriidae larva 1.5 106,9 -
Ij^ophotia margaritosa Hootuidae larra 0,94 - -
Tacessa urtioae B^iophalidae larva 3,7 159,9 -
Fieri8 brassieae Fieridae pupa - 100,5 
o
 
ft 
•
 
e
 
Sphestia figullella Pymlidae larva 21.4 65,4 -
Fyr&uata nubilalis II larva 
adult 
26,5 
12,7 
80,8 
•V 
1,68 
Satiimia peri^ Satumiidae larva 1,0 140.4 
-
Satimiia psrri H larva 4,03 164,5 
-
Cnethoeanpa pityooan^ 
(ShauaiBtopoea) 
Zhametopoeidae larva 3,6 112 8,5 
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Changes In the lipid composition of tii© potato beetle, 
Leptinotarsa decemlineata (Chryaomelidae), diiring hiberna­
tion was investigated by Busnel and Driliion (1937)* 
fatty acid content increased from 2.65 per cent {wet basia) 
in September to a maximvim of 13.1^ . per cent in January. In 
April, the females contained 3*il-7 per cent and the males 
3»27 per cent. Tiie imsaponifiable matter increased from 
0*31 peJ* cent (wet basis) in September to 1.03 per cent in 
November, In April, the values were 0.71 per cent for 
females, and 0.6l per cent for males. 
Sinoda and Kurata (1932) foimd that the ether extract 
of larvae of Permeates (Dermeatidae) amoxanted to aa much as 
14.7 per cent of the dry weight at times. Saturated fatty 
acids, comprising 33 per cent of tiie total acids, con­
sisted of 38 pe^ ? cent stearic aid 62 per cent palmitic. 
The presence of oleic, linoleic, and linolenic acids was 
confirmed. 
®ie ether extract of adult fireflies, Luciola 
vitticollis aid L. parva (Lampyridae), was reported by 
Tsujimoto (1929) to comprise 1^ .8 per cent of the live weight 
(minus winga). The iodine value of the total extract was 
116. The fatty acid and unsaponifiable fractions, amounting 
to 85 per cent of ttie total, consisted of 3? per cent fatty 
acids and 13 per cent unsaponifiable matter. 
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According to Janot and Pauderaay (1937)» the fatty-
acids of the blister beetle, Lytta vealcatorla (Meloldae), 
consisted mainly of palmitic and oleic acids with smaller 
amounts of stearic, linoleic, and linolenlc acids. Iyer 
and Ayyar (1931) stated that the body fat of Mylabrls 
pus tula ta (Meloldae) constituted 12.5 pei* cent of the dry 
weight. Tlie component acids werej palmitic, 13 per cent; 
stearic, 32 per cent; arachidic, 1 per cent; and oleic, $1^ . 
per cent. 
Slowtzoff (1909) found that the fat content of 
Qeotrupes sterooralls (Scarabaeldae) decreased from 3.96 
per cent to 1,88 per cent after starvation. The water 
content decreased frcsa 63.88 per cent to 56.19 P©p cent. 
Sacharov (1930) determined a fat content of 6.0? per 
cent (live weight basis) for hibernating larvae of 
Melolontha hlppocastani (Scarabaeldae). The water content 
was 79.16 per cent. Larvae of Plagionotus arcuatus 
(Cerambycidae) contained li^ .36 per cent fat and 5il..l2 per 
cent water, 
Schweet (19lfl) reported that females of the June 
beetle, Phyllophaga ru^ osa (Scarabaeldae), contained 7»70 
per cent fat (dry basis) and males 8,98 per cent. The 
water content was 66.56 per cent for females and 67.98 
cent for males. 
38a. 
Pinkel (I9I1.8) determined the lipid composition of the 
meal worm, Tenebrlo molitor (Tenebrlonidae), at intervals 
of 25 days during larval development. Total lipid and its 
major component, neutral fat, became an increasing propor­
tion of the wet weight as development proceeded. Larvae 
reared at 30°C. contained per cent total lipid at 50 
day a, and 13*13 pei* cent at 200 days. With the exception 
of 175 days, the total cholesterol content ranged between 
0,11 per cent and 0.32 per cent of the live weight. The 
phospholipid content decreased from 1.54- pei* cent at $0 
days to 0.66 per cent at 200 days. With regard to total 
lipid, neutral fat and total fatty aolds constituted a 
greater percentage as development progressed. Phospholipid 
decreased in this respect and total cholesterol exliibited 
very little change. 
Chemical changes associated with the metamorphosis of 
T. molitor were investigated by Evans (193ll-). During the 
prepupal period, 3,01}. per cent of the live weight was fatty 
acids, and, at the end of pupation, 7.90 per cent, K^ie 
mean molecular weight of the acids was 267 to 274« 
According to Becker (193if)» the fat content of T. 
molitor decreased during metamorphosis. The content of 
larvae was 12 to 11+. per cent of the live wei^ tj pupae, 8,9 
per cent; young beetles, 8.1 per cent; and old beetles, J4..6 
38b. 
per cent. The saponification values and iodine numbers 
varied only slightly, and were l8l*7 to 185.8 and 92.2 to 
95.8» respectively. The txnsaponifiable fraction decreased 
from 1,56 per cent in larvae to 0.93 P®r cent in pupae and 
then Increased to 6.3 per cent in old beetles. 
5Sie fat content of several coleopterous insects has 
been determined by Timon-David (1927a, 1928, 1930). The 
data are summarized in Table IV. 
Hyiaenoptera 
Chemical changes occurring in the worker and drone 
castes of Apia mellifica (Apidae) were investigated by 
Straus (1911). The fat content of workers increased from 
1.53 pe^ * cent (wet basis) in larvae 2 days old, to a maxi­
mum of i|.,ll per cent on the first day of pupation. There 
was a gradual decrease in body fat during the 12 days of 
pupation, and newly emerged adults contained 0.93 per cent 
fat. This percentage was increased to 1.95 pe^ * cent in 
flying workers. Drones increased their fat content from 
3.10 per cent as 3 day old larvae to approximately 6,12 per 
cent on the third day of pupal life. The value decreased 
during pupation and adults contained 1,52 to 1.58 per cent 
fat. Sacharov (1930) stated that adults of A. mellifica 
analyzed 7ij..05 per cent water and 2.66 per cent fat. 
39. 
Iftlile IT* Fftt Analysis of Several Coleopterous Inseots 
{from Xlnon^-David 3.927a, 1928, 1930) 
Speeies Fazoily Stage Fat Iodine Unsapon-
(wet nxDsiber ifiable 
l^sis) matter 
SuTTthrea laioans Buprestidae larva 15.2 - m 
Cebrlo sisas Cebrionldae larva 14,4 80.8 
Cerai^sv soopolli Cerambyoidae adult 8.5 80.7 •• 
Sr$;ate8 faber n larva 13 68.6 0.76 
Klmglum inquisitor t» larva 7.0 80.5 m 
Oolaspidesia atra ChrysoEMlldae larva 3.9 113.4 3.6 
Qalerueella Xuteola tt adult 7.03 118.2 <» 
Leptinotarsa 
deemalineata 11 larva 
adult 
3 
13.4 
121.9 
108.6 
6.9 
B»liotaurus msnticomis Cistelidae adult 6 104*4 12.6 
Silvanus surinaaiottsls OuouJ idae larva U 74 -
Balanisus elephas Curoulionidae larva 28 - -
Larla irreseoia Lariidae larva 23.6 - m 
Oiyotes xuhsiooxnis Soarabaeidae larva «» 41 -
fenebrio mslitor SDsnebrionidae larva 14. S 80-92.8 1.19 
Il-O. 
According to Melampy et al (191^ .0), the queen honeybee 
attained a maximm wei^ t of over 260 rag. during develop­
ment and a aaximtca lipid content of 12»8ij. rag. Compared 
to these values, the worker bee had a maximum weight of 
l)j),|, mg, and fat content of 5*37 lag. A queen pupa analyzed 
approximately 5»3 per cent lipid at pupation, whereas a 
worker pupa analyzed only 3*7 pei* cent. 
Timon-David (1927a, 1930) reported the lipid content 
of two species of Formicidae. Larvae of Camponotus vagus 
contained 2,if5 per cent ether extract (wet basis) with an 
iodine value of 68»5. Adults of Cremato^ aster scutellaris 
contained 10.9 P®r cent extract with an iodine value of 
62.I|. 
Kozhantshikov (1938b) determined that diapausiog pre-
pupae of Croesus septentrionalis (Tenthredinoidea) 
ccMitained 6l per cent water and 26,0 per cent fat. 
Dlptera 
Changes in the fat composition of adult Culex pipiena 
(Culicidae) during hibernation were studied by Bxixton (1935). 
(Bie maximuiffl content of 27.9 per cent (wet basia) in October 
decreased to 23.6 per cent in December, and 6,3 per cent 
in March. The proportion of water increased during this 
period. 
lA. 
In a study of the metabolism of Cyclorrhapha, Prew 
{1929) foxmd tiriat the alcohol-ether fraction of the lx>dy 
did not decrease dxiring the first part of pupation but did 
so gradually during the latter part. 
According to Weinland {I906), the fat of Calliphora 
vomitoria (Calliphoridae) reached a maximum of about 7.8 
per cent of the body weight just prior to pupation, Tiiia 
content was reduced to approximately one-half of this value 
at the end of metamorphosis. Adults of C. erythrocephala 
contained 3*4 P®^  cent fat (dry basis) with an iodine value 
of 80.7 (Timon-David 1930)* Kozhantshikov (1938b) reported 
that full-grown larvae of this species contained 73 per 
cent water and 30*0 per cent fat (dry basis). 
Changes in the fat composition of Lucilia sericata 
(Calliphoridae) during pupation were investigated by Evans 
(1932), The fatty acid content decreased from the time 
feeding ceased tmtil about tixe tenth day of pupation. Then 
followed a synthesis of both saturated and unsaturated 
fatty acids until a second maximxjm was reached on about the 
fourteenth day, A second decrease continued until emergence. 
The mean molecular wei^ t of fatty acids present ranged 
from 270 to 287 and the iodine value ranged from 79 to 96. 
Yuill and Craig (1937) reported tiiat tiae fat of _L. sericata 
increased from 6 per cent of the dry wei^ t in young larvae 
1^ 2. 
to 30 per cent in full-grown larvae. The fat content 
decreased to 20 per cent in the pupae. The decrease in 
water content dxxrlng development was correlated with tirie 
increase in ether extract. 
The fat content of Phormia regina (Calliphoridae) dur­
ing metamorphosia waa studied by Patton et al (1941)• A 
content of 7*10 per cent (wet baais) in larvae diminished 
to 3*73 pel' cent on the fourth day of pupation, and to 
1«57 P©r cent in adults, Haub aid Hitchcock (19ip.) found 
that the ether extract of P. regina decreased from 8.9 per 
cent of the live wei^ t in larvae to 6.8 per cent on the 
fourth day of pupation, and to per cent in adults. 
The empty pupal cases contained 1.7 per cent extract. 
There was little change in the water content during meta­
morphosis. 
Mellanby (1936) reported that the fat reserves in adult 
Gloasina palpalia (Muscidae) constituted 21,9 per cent of 
the dry weight in males and 22,7 per cent in females. These 
reserves were consumed at the same rate by flies starved in 
different humidity environments. The water and fat contents 
of Glossina morsitans were studied by Jackson (1937), The 
fat content in young males was 15.93 per cent of the dry 
weight, and XS,2$ per cent in yoxmg females. This latter 
value increased to l6,8I{. per cent in mature females. The 
10. 
fat of males ranged from ll|..56 per cent of the dry weight 
In hungry males to 35>»28 per cent in replete males. 
Timon-David (1927a, 1930) determined the fat content 
of two species of dipterous insects. Larvae of 
Gastrophllus Intestinalis (Oestridae) contained 5 P©r cent 
fat (wet basis) with an iodine value of 37.3. Larvae of 
jSristalis tenax (Syrphidae) analyzed 1,7 per cent fat. 
Lipid Content of Insect Products 
A few substances that may best be teraed "insect 
products'* have been analyzed for lipid content. One of 
the most coimuon of these is the waxes secreted by certain 
Insects. The wax of the wild bee Trigona (Mellponldae) 
was fractionated by Gadamer (1917). The isolated alcohols 
consisted of the following; mellssyl alcohol, 28 per cent; 
a compound with the formiila CjjH2n-2® where n was 26 to 30, 
13 per cent} a glycol where C = 30, 10 per contj and ceryl 
alcohol, 7 pejp cent. The acids included a hydroxy 
ricinoleic acidj a reslnic acidj volatile acids consisting 
of acetic and Iso-butyric; and higher fatty acids. A 
satxirated hydrocarbon was also identified. The iodine 
value of the original acids was 60,2 to 6I.I4., 
Schulz (I922) reported on ttie fatty acids isolated 
from the wax of Schizonevira lanlp;era (Aphididae). Acids 
constituted 68,3 to 76 per cent of the total lipid, and 
had a molecular weight of 230 to 21^ .0, Chemical character­
ization indicated the presence of a branched chain acid 
not identifiable with the normal fatty acid series. 
The literature on the composition of insect waxes has 
been summarized by Chibnall et al {193i^ .), In general, the 
waxes consist of even-nvuabered primary alcohols in which 
C=2l|. to 314-; even-numbered n-fatty acids where C =2||. to 3i|.* 
and odd-nmbered paraffins where C = 25 to 37* 
According to Aeppler (1922), royal Jelly (a product of 
the lateral phaa^ yngeal glands of the worker honeybee) con­
tained 15»22 per cent total ether extractives {air dried 
basis) with an iodine value of 12,Si. Fat-soluble vitamin 
A was not present in high enough concentration to support 
normal growth in the rat. Townsend and Lucas {19^ 4-0) ob­
tained 10 to 1$ per cent of the dry weight of royal Jelly 
by Soxhlet extraction with ether. The extract possessed a 
gonadotropic factor for Drosophila melanogaster. 
Bergmann (1937) isolated a mixtxire of paraffins of the 
order C = 27 to 31j and esters, in which C of the alcohol 
and acid was 26 to 30, from exuviae of the 8ilkwo3?m, Bombyx 
mori. 
Ii.5. 
Effect of Diet Pat upon Body Pat 
Melampy and Maynard (1937) experimented with tlie effect 
of diet fat on the stored fat of Blatella germanica. The 
data are stumarized in Table V. The degree of imaatiiration 
of diet fat was evidently reflected in the body fat. It 
may also be concluded that the degree of utilization 
varied to some extent with tne type of fat. 
Table V, Effect of Diet Pat On Body Fat of Blatella 
germanica (Prom Melampy and Maynard 1937) 
Diet 
Iodine 
number 
of diet 
fat 
% 
fat 
in 
diet 
% Iodine 
lipid in number of 
tissue tissue 
(wet basis) lipid 
(1) Casein, yeast, 
sucrose, lactalbumin 0.39 
(2) Diet #1, plus 
coconut oil 7 28 7.8 51 
(3) Diet #1, minus 
sucrose, plus 
butter oil 27 56 21.0 59 
(1|.) Diet #1, minus 
sucrose, plus lard k-9 56 13.2 6l\. 
The effects of different diets on the lipid composi­
tion of Periplaneta americana was investigated by Schweet 
{191^ 1), There was no significant difference in the lipid 
ii.6, 
content of roaciies reared on media in which the fat con­
tent ranged from 1 per cent to 30 per cent* An exception 
was noted in that roaches reared on steak containing 3 per 
cent fat analyzed only 8 per cent fat. The iodine value 
of the fat of roaches reared on low fat diets was not cor­
related with the iodine value of the diet fat, 
Ditman (1938) reported that the fat content of mature 
larvae and pupae of the corn ear-worm, H»liothia armigera, 
was affected by variation of the larval diet. Prepupae 
and pupae of individuals reared on dough-stage corn con­
tained a higher percentage of fat, and fat with less 
satviration and lower saponification nuiDtoer than fat in 
those reared on milk-stage corn. The fat content of 
mat\iring corn increased from 3 per cent to 6 per cent of 
the dry wei^ it. The iodine and saponification values of 
the corn lipid remained almost constant. 
Yuill and Craig (1937) reared larvae of Lucilia 
sericata on fish heads, or on a sterile synthetic diet with 
buttar as the fat soxirce. The fat of larvae reai'ed on 
fish heads had a saponification value of I90 to 21$ and an 
iodine value of 120 to II4.O compared to values of 19S and 
113, respectively, for the fish head fat. (to the synthe­
tic diet, the insect fat iiad a saponification value of 220 
and an iodine value of 60 compared to values of 210 and 30, 
i4-7. 
respectively, for the diet fat. The authors concluded 
tiiat tiie type of larval fat and changes in the fat composi­
tion during growth were related to the diet fat. 
il.8. 
EXHSRIMENTAL 
Method 
InsQot material 
The stock colony of Permeates maculatus used In this in­
vestigation consisted of descendants of the colony used by 
Scoggin (19it-8) and Puentes (191^ 8). !Ehe original specimens 
were collected in 19^ 6 at a soybean processing plant in Iowa, 
and were infesting fish meal, !Eb.e cultxire has been raaintained 
since that time in the laboratory in battery Jars filled to a 
depth of several inches with sardine fish meal. The technique 
for rearing D. maculatus in stifficient numbers for experimen­
tal study has been described by Scoggin and Tauber (19i}-9) and 
Puentes (191^ -8). 
For the study of changes in lipid composition dwing de­
velopment, the medium was xmaltered sardine fish aeal. Eggs 
for extraction were collected from yoimg ovipositing females 
reared on the same fish meal raediuia* The eggs were removed 
from meal particles with a moist camels' hair brush, air 
dried, weighed, and stored in a small stoppered shell vial 
containing 2 to 3 ml. of ethyl alcohol-ether (3?!) mixture. 
For the remaining developmental stages, yoimg larvae were 
seeded on idie day of hatching into a storage dish (about 1|.50 
ml, capacity) containing about 100 g, of fish meal. At the 
desired time in their development, specimens were removed. 
kS' 
brushed as fvee of food particles as possible with a camels' 
hair brush, and waatied in distilled water. After drying on 
filter paper for at least 2 hours, the individuals were killed 
by ether fuiaes, weired and stored under solvent as previously 
described. Larvae and adizlts for extraction were held in an 
empty petri disfii for 12 hours prior to washing in order to de­
crease gut contents. Adults to be extracted were collected 
from a large number of males and ovipositing females used to 
replenish the colony. These were maintained in a storage dish 
with ground fish meal, and with water provided in a cotton-
atoppered vial. All samples were stored under solvent at 
about 20OC, and wore extracted within approximately 2 weeks 
after collection. 
The basic item of the media in the second part of the 
investigation was ether-chloroform extracted sardine fish 
meal. Meal was extracted in a regulai^  Soxhlet apparatus 
for 12 hours with diethyl ether and then 12 hours with 
chloroform. Extraction was carried out at the rate of 
approximately lif exhaustions per hour and was Improved by 
placing a glass rod in the bottom of tiie exti*actor, and 
thus raising the thimble about 3 cia. above the siphon tube 
as recommended by Heustadt (I9I42). Ttie fish meal within 
the thimble was below the level of ttie top of the over­
flow siphon. After extraction, the fish meal was spread 
thin on paper toweling and all traces of solvent allowed 
50. 
to evaporate. Lipids to be added to the inediiim were dis­
solved in acetone. Glycerol was added in an alcohol 
solution. The solvent was evaporated from the diet-food 
by heat, and then exposiire to air by spreading in a thin 
layer on glass. Approximately 125 Qggs were seeded into 
100 gitt, of medium. Samples of prepupae were later collectd 
for extraction and moisture determinations. The specimens 
were cleaned, weighed, and stored as previously described. 
All test cultures were placed in a cabinet at 80 to 
85 per cent relative hximidity and 30i2®C, Humidity was 
provided by distilled water and determined by the use of 
the cobalt chloride Indicator method {Solomon 19i45). 
Extraction 
Extraction apparatus for small amounts of biological 
material has been designed by Erdds and Pollak (1935) and 
Hsiao {191^ 8), The apparatus of Erdos and Pollak consisted 
of a perforated funnel held in the neck of a Kjeldahl-llke 
flask by conical notches. Alcohol-ether solvent heated by 
a water bath condensed in a l4.-ball condenser fitted into 
t±ie flask by a ground joint and dripped onto the sample 
placed in the funnel. Extraction was complete within 
3 hours and differed from macroextraction results by 
0,75 per cent. Hsiao designed a microextraction apparatus 
51 
consisting of a 100 ml. Kjeldahl flask and a cold-finger 
condenser which closed the top of ttie flask. A 6 cm, 
section of glass tubing with a sintered-glass plate bottom 
was suspended in a perforated insect vial from the bottom 
of the condenser by means of a glass rod. Alcohol in the 
flask was evaporated by a microflame, condensed on the cold-
finger, and dripped on the sample placed in the section of 
glass*"tubing. A 10 minute extraction gave consistent 
results and the amount of lipid was not less than that 
extracted by the Soxhlet apparatus in 6 hours. 
A simplified mlcroextractor was designed for the present 
experiments from materials obtainable from almost any bio­
logical supply house. The extractor Is pictured in Pigtire 
1. It consists of; (1) 300 ml, Kjeldahl flaskj (2) pyrex 
glass tubing with an inside diameter of 10 to 11 mm. and 
rimmed at the upper end; (3) a 10x50 mm, extraction thimble 
which fits tightly into (2) or rests against (5)J (5) a 
glass tube with an inside diameter of about 1,5 aim, sealed 
at both ends and with a hook at the upper end; and (1^ .) a 
cold-finger condenser wiiich closes the top of (1). 
A sample to be extracted was ground with a small 
amount of ether-extracted sea sand in a small beaker by 
means of a heavy glass stirring rod* The saii5>le was trans­
ferred quantitatively to the extraction thimble and the 
52. 
beaker was rinsed with several portions of ethyl alcohol-
ethyl ether mixture Oil) «diich were added to the contents 
of the KJeldahl. Transfer was aided by hooking the glass 
tube (5) onto a glass rod suspended on a ring stand above 
the Kjeldahl so that the extraction thimble was even with 
the mouth of the flask. A total of 18 to 20 ml. of solvent 
was used for each period of extraction. 
fhe extraction flask was heated in a sand bath and 
extraction time was started when drops of condensed solvent 
began to fall from tiie cold-finger condenser into the extrac­
tion thimble. Minor adjustments in the position of the 
EJeldahl flask and the condenser were made so that the 
condensed solvent fell into the extraction thimble and not 
onto the rim of the glass tube (2). 
At the end of the extraction period the burner was cut 
off \inder the sand bath and the extractor allowed to cool. 
After the condenser was removed, about 5 ®1. of solvent 
was poured onto the sample within the thimble, and tube 
(5) was hooked over the rim of the flask for a few minutes 
to permit drainage. The tube (5) along with glass tubing 
(2) and thimble (3) were removed from the flask (1), and 
the extraction fluid was poured into a volumetric flask. 
The Kjeldahl was rinsed with two portions of solvent (about 
5 ml.) which were likewise added to the voliametric flask. 
Pig. 1. Apparatus for Extraction of small 
Samples of Biological Material 
51|.. 
55 
In event a second extraction was to be carried out on the 
same sample, the Kjeldahl was recharged with solvent. Ex­
traction was then carried out as already described, 
A solvent consisting of a mixture of 3 parts ethyl 
alcohol and 1 part diethyl ether, as reconimonded by Bloor 
(1928) for extraction of small amounts of lipid from blood 
plasma, was used. The ethyl alcohol was redistilled 95 
per cent alcohol and the ether was rendered peroxide-free 
by distillation of commercial ether to which small amounts 
of sodium thiosulfate and potassium iodide had been added. 
The mixed solvent did not give an oxidation value with 
potassium dichrornate} that is, non-volatible oxidizable 
substances were absent. 
The data concerning efficiency of different periods of 
extraction are sunmarized in Table VI* Aliquota of the 
alcohol-ethor extract were oxidized in an oven at 101-103®C. 
in a manner that will be described subsequently. Examina­
tion of the data shows that extraction is practically 
complete at the end of 30 minutes if the solvent is chai^ ged 
at the midpoint of this period. A longer extraction 
period does not seem to increase appreciably the amount of 
oxidizable material removed from the sample. This procedure 
was utilized in the extraction of all experimental samples. 
Tftbl® 71. Bffioienoy of Mioroextraotor as Measured by Varying Period of Extraction 
Saa|>le Material Sample Acoumlative Portion BoaSjer ATera^e ATez^e 
no* (C.moulatus) Height extraotion of of aoousaulatiTe TuriatioB 
time (isin.) extract deter­ diobronate from neazL 
fficidised minations factor of 
aliquot^ 
1 S aales 0.1104g. 15 a/5 3 2.15 0.12 
25 1/5 3 2.63 0.14 
35 1/6 3 2*74 0.14 
45 1/5 3 2.81 0.09 
2 5 sales 0.1106g. 15 1/5 3 2.04 0.05 
25 1/5 3 2.66 0.12 
35 1/5 3 2.73 0.09 
45 1/5 3 2.84 0.07 
5 17 feznales 0.484Sg. 35 1/10 3 4.23 0.06 
45 1/10 3 5.67 0.00 
55 1/10 3 5*80 0.04 
42 16 femles 0.4SSlg. 30 l/)0 3 3.85 0.07 
40 1/10 3 3.86 0.04 
e' 16 females 0*4186g* 30 1/10 3 3.95 0,07 
40 1/10 3 3.98 0.04 
%iehx^iaate faotor=ffil. of exactly 0*1S potassium diehronate reqtiired to oxidise raaterial 
pres«at 
2 
""SolTent changed at end of first IS minutes of extraotion 
57. 
Determination of lipids by oxidation 
The quantitative determination of lipids is most 
frequently accomplished by gravimetric moans. An oxida­
tive method suitable for small amoimts of lipids was 
proposed by Bang (I918). The method has been used in 
lipid investigations by various workers including Bloor 
(I928, 1929), Pollak (1935), Boyd (1938), and Pinkel 
UW* 
The data concerning determination of small amounts of 
purified lipids by oxidation are summarized in Table VII. 
An aliquot, containing 1 to 6 mg, of purified lipid in an 
alcohol-ether solution, was pipetted into a 125 inl, glass-
stoppered Erlenmeyer flask. The solvent was evaporated 
by means of an 88 to 90°C. water bath, and last traces 
were flushed out by a gentle stream of carbon dioxide. 
Exactly 5 sil, of Nicloux reagent was added, and then 2 to 
I4. ml. of approximately K potassium dlchromate was pipetted 
into the flask with rotation. The flask was stoppered 
loosely and placed on a one-half inch iron plate In an 
electrically heated oven at 102tl°C. After 5 minutes of 
heating the flask was removed, rotated, tightly stoppered, 
and retui'ned to the oven for an additional 55 minutes. At 
the end of the 1 hour oxidation period, the flask was 
Tftble VII. I>8terTaiimtion of Purified Idpids by Oxidation^ 
Upid Source Purity Senile 
wt.Cfflg.) 
l^ttoretioal 
diohromate 
factor® 
Arez^ge 
reoovery® 
Average 
variation 
trom. loeaa 
I^ilBdtie aoid Eiiaer & Amend C.P. 1.48 8.59 103.2 0.8 
Steario aoid iiastBian — 1.S4 5.66 97.0 1.0 
Oleic aoid Bioer & AaonA C.P. 2.SS S.61 95.8 0.2 
Unoleio 
aoid Simr & AmoiA C.P. 2.03 5,5T 96.8 0.4 
Methyl 
linolenate 
Eorml 
Foundation 5.91 S.56 71.5 1.^ 0 
CholesteK)! litner & Aoaend C.P. 1.S6 S.92 101.2 0.4 
Choleeterol 
aeetate 
Aaend Drug & 
Chenioal C.P. 1.07 8.74 94.1 1.0 
^1 hr« on iron plate in ormi at 
^%eoretical diohromate factor = ral« of <»motly 0*1 V potassitm diohroiaate ireqoired to 
eoiapletely oxidise 1 mg* of lipid 
^Average of 3 detenninationa 
59. 
removed from the oven, 50 ml, of cold distilled water added, 
and the contents allowed to cool to room temperature. About 
5 ml, of 10 per cent potassium iodide was added and reaction 
allowed to proceed for a few minutes. The liberated iodine 
was titrated with approximately O.lN sodium thiosulfate 
(standardized with Cu oy the method of Hall 19i|J.) using 
starch as an indicator toward the end of the titration. A 
minimum of two blanks was run along with each group of 
determinations« 
Moisture and foreign oxidizable materials must b© ex­
cluded from the determination. All glassware used in 
oxidation procedtires was cleaned in potassium dichr ornate-
sxilftaric acid solution, rinsed thoroughly with tap water 
and then distilled water, and dried in an oven. A re­
quired excess of potassixim dichromate was indicated by the 
brown color of the digestion mixture. If a greenish tint 
was present after the 5 minute heating period, equal addi­
tional quantities of dichromate were added to the sample 
and blank determinations. 
Bloor (1928, 1929) recommended that oxidation of lipids 
be carried out at 12l^ oc. in an electrically heated oven. 
Lower temperatiires were mentioned as an alternative but the 
incubation period was necessarily increased in this event. 
It was the experience of the present investigator that 
6o 
reagents apparently decomposed in laany cases at higher 
temperatures and blank determinations varied considerably 
as a result. Experiment indicated that oxidation for 
1 hour at 102^ 1^ 0. resulted in satisfactory determinations 
for most lipids, phospholipid and cholesterol digitonide 
were exceptions. The determination of these two components 
will be discussed subsequently. 
The amount of lipid determined by the oxidative method 
is calculated as follows: 
Mg. lipld_ (t.v. of blank-t.v.of sample)(N of Na2S203/0,l) 
recovered- "dichrornate factor of lipid componenti; 
where t.v.= titration value, 
Hicloux reagent was prepared according to the method of 
Bloor (1929)* Approximately $ g. of silver nitrate was dis­
solved in 25 ml. of distilled water in a centrifuge tube. 
The same weight of potassium dichromate was dissolved in 
25 Ml# of distilled water in a second tube. Tixe two solu­
tions were mixed, centrifiiged, and the precipitate washed 
twice with distilled water to eliminate any nitric acid 
resulting from the reaction. The silver dicliromate pre­
cipitate was dissolved without drying in 500 ml. of 
concentrated sulfuric acid (c.p.) 
Because of the partial insolubility of lecithin (a 
common animl phospholipid) in cold alcohol-ether, small 
amounts of this lipid were weighed directly into oxidation 
61. 
flasks for determination, A aenall quantity (1 ml.) of 
solvent was added to each flaak and then evaporated by 
a water bath. Oxidation was carried out as previously 
described. As shown by the data in Table VIII, an 
oxidation period of 2 hours at 102®C. resulted in a 
higher percentage recovery. This method was followed 
for the determination of phospholipid in all test samples. 
Table VIII. Effect of Oxidation Conditions on 
Determination of Lecithin^  
Oxidation 
conditions 
Sample 
wt. {mg. 
Theoreiical 
)2 dichromate 
factor 
% 
recovery 
Average 
% 
recovery 
1 hr, in water 
bath at SgilOQ. 3.60 
£-.32 5.77 
3.00 51|..7 
60.2 
59.3 58.1 
2 hrs. in water 
bath at 89-l®C. 2.70 
3.33 
3.69 
3.00 70,7 
69.1 
69.6 69.8 
2 hrs. in oven 
at 102 n®0. 2.88 
i^•.32 
i4..59 
3.00 Ihr'l 
7li..5 
72.3 73.7 
3 hrs, in oven 
at lOSilOc. 3.51 
3.96 5..23 
3.00 66.1 
65.2 
65.7 65.7 
A^nimal lecithin, 905^  pure, obtained from Nutritional Bio 
chemicals 
S^ample weight corrected for IC^  impurity 
62. 
In an analysis of lipid components, sterols are 
usually precipitated from solution by the addition of 
digitonin. Actual determination may be accomplished by 
either colorimetric methods, gravimetric methods, or by 
oxidation, Digitonin, obtained from digitalis seeds along 
with various drugs, consists of a pentasaccharide unit 
linked to a steroid sapogenin nucleus and has the empirical 
formula C^ 9^2®29* Sterols having a 3"'hydroxyl group of 
the B-configuration are specifically precipitated by 
digitonin. Insoluble digitonides are formed by chole8~ 
terol, sitosterol, probably other phytosterols, stygmas-
terol, B-cholestanol, and coprosterol (Gardner and Williams 
1921). Any excess digitonin may be removed by washing the 
digitonide precipitate with warm distilled water. 
Cholesterol digitonide is soluble in water to the extent 
of 0.0006 g. in 100 ml. at 100°C. {Seidell 1919)» whereas 
digitonin is "very soluble" in water (Pieser and Pieser 
19^ 4). 
The most important sterol found in animals is choles­
terol. A method for the determination of the digitonide 
was described by Okey (1930)* Modifications were made for 
the present investigation until what was regarded as maxi-
mwa. recovery was obtained. The data are summarized in 
Table IX. An aliquot of cholesterol in alcohol-ether was 
Table IX. Deterraination of Cholesterol by Oxidation of Digitonid© 
Method Oxidation 
conditions 
Sample 
wt, (nig.) 
(Theoretical 
dichr ornate 
factor^  
Average 
recovery^  
Average 
variation 
from mean 
A 1 hr. in water 
bath at 89-1 C. 2.Ql|. 10.62 68.6 1.6 
B 1 hr. in water 
bath at 89-l°C. 1.60 60.9 0.6 
C 3 hrs. in oven 
at loa^ ioc- 1.60 81.7 0.7 
I>3 3 hrs. in oven 
. at 102^ 100. 1.60 8if.2 0.7 
1^0,62 ml. of 0.1 N diciaromate = 1 mg. of cholesterol as digitonide 
A^verage of 3 deterxainations 
3Digitonln obtained from Merck and Company 
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evaporated to dryness In a l5 lal, centrifuge tube over a 
water bath at 88-90°C. The last traces of solvent were 
flusiied out with a gentle stream of carbon dioxide. The 
cholesterol was dissolved in 2 ml. of redistilled acetone. 
The digitonin was added in the following mamer; (A) 2 ml. 
of redistilled etliyl alcohol and 3 nil* of a per cent 
digitonin solution in water (Hunter et al 19l|.5)j (B) 5 wl* 
of a 1:1 ethyl alcohol-O.lf per cent aqueous digitonin solu­
tion; (C) same as (B)j aad (D) If ml, of a 0,2 per cent 
digitonin solution in redistilled ethyl alcohol. Method D 
utilized digitonin obtained from Merck and Company, ®ai« 
was the same product as that used in the analysis of all 
experimental samples. In methods C and D, drops of a 
5 per cent (w/w) hydrochloric acid solution were added to 
the mixture (Popjak 19i}-3). The tube was placed in a covered 
storage dish overni^ t at 20®C. for maximum precipitation of 
digitonide. The precipitate was washed with approximately 
2 ml, of 1:2 ether-acetone mixture and 2 similar volumes of 
ether. The precipitate was then washed with warm distilled 
water to remove excess digitonin, dissolved in hot methyl 
alcohol, and transferred quantitatively to an oxidation 
flask. The solvent was evaporated and oxidation was carried 
out as previously described. 
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Separation of lipid components 
A method for the separation of the components of blood 
lipids was devised by Boyd (1939)» This same method with 
only slight modification was used by Pinkel (194-8) a-
study of the lipid content of Tenebrio larvae. The total 
alcohol-ether extract was divided into two equal parts. 
One portion was saponified with sodixun hydroxide, the fatty 
acids liberated by the addition of sulfxiric acid, and the 
lipids extracted with several small volumes of petroleiim 
ether, and made up to volume. One-half of this extract was 
used to determine total fatty acids and one-half to deter­
mine total cholesterol by the digitonide method. The 
petroleum ether-soluble fraction of the second portion was 
evaporated to dryness, phospholipids were precipitated by 
adding redistilled acetone and magnesium chloride. The 
supernatant acetone solution was used to determine free cho­
lesterol by the digitonide method. Lipid components were 
calculated from these four values: total fatty acids; total 
cholesterolJ phospholipid; and free cholesterol. 
A method of separation which was more suitable for small 
amounts of lipid was devised. The procedure was tested with 
samples containing known amounts of purified lipids. The 
data are summarized in Table X. 
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Known amoiints of different lipids were added to a 
small quantity of ether extracted sea sand in the micro-
extraction thimble. Lecithin was weighed directly while 
Table X. Determination of Lipid Components of a Known 
Sample 
Lipid Sample 1 
Wt.{fflg#) 
Sample 2 
wt.(mg.) % recovery 
sample 1 
% 
recovery 
sample 2 
Average 
% 
recovery 
Lecithin 3*06 3.78 81.7 73.3 77.5 
Cholesterol 1.36 6.38 88.2 82.1|. 85.3 
Cholesteryl 
acetate 8.02 1.07 8i|..3 88.8 86.6 
Palmitic 
acid 8.02 
Oleic acid 9*08 
I4..01 
77.1 92.if 81^ .8 
the other lipids were added by aliquots of alcohol-ether 
solution. Extraction was carried out for a total of 30 
minutes with a change of solvent at the end of 15 minutes. 
At the completion of extraction, the Kjeldahl flask was 
rinsed with two portions of solvent and these washings were 
added to the extraction fluid. The extract was reduced in 
volume and tnen made up to exactly 50 ml. This total 
volume was halved in order to rim duplicate determinations 
for each sample. 
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The aliquots were transferred to $0 ml, centrlf^ g^e 
tubes and the solvent was evaporated by means of a water 
bath» Last traces of solvent wore flushed out with a 
gentle stream of carbon dioxide. Approximately 10 ml, 
of redistilled acetone and 0.1 ml, of 30 P®!* cent mag­
nesium chloride in ethyl alcohol were added and the tubes 
were placed overnight in a refrigerator at 20Oc» to obtain 
maximiim precipitation of phospholipid. 
In the case of experimental samples, the residue re­
maining after evaporation of the alcohol-ether was extracted 
with several small volumes of redistilled petroleum eth®p. 
The petroleum ether was then evaporated before the addi­
tion of acetone and magnesium chloride. This is necessary 
since an alcoholic extract contains much which is not lipid 
(Bloor 19il-3)* petroleum ether was rendered free of non­
volatile oxidizable substances by shaking with sulfuric 
acid and redistilling. A second distillation was usually 
required to produce the desired product. 
It is necessary to have a phospholipid-free sample 
before separation of other components since digitonin 
precipitates phospholipid as well as sterols (MacEwen 1935)* 
The tubes were centrifuged and the supernatant solu­
tion withdrawn into other tubes by means of a suction 
apparatus constructed of small bore glass tubing. The 
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phospholipid residue was washed v/ith two portions (about 
3 ml.) of redistilled acetone and these washings were 
added to the acetone solution containing the other lipid 
fractions. 
The phospholipid was dissolved in hot chloroform and 
transferred to an oxidation flask. The tubes were rinsed 
twice with small portions of chloroform and these washings 
were likewise added to the flasks. The chloroform was 
evaporated in a water bath, last traces were flushed out 
with carbon dioxide, and oxidation was carried out as 
previously described. 
The acetone fractions were evaporated to about 3 to 
5 ml.; If Ml. of 0.2 per cent digitonin Merck in redistilled 
ethyl alcohol and ij. drops of 5 P®r cent HCl were added. 
Tubes were allowed to stand overnight to obtain maximum 
precipitation of cholesterol. After centrifugatlon the 
supernatant liquid was withdrawn to a second tube. Eie 
digitonide precipitate was washed with small portions of 
1:2 acetone-ether mixture and two changes of ether. These 
washings were combined with the first supernatant liquid 
and contained ester cholesterol and neutral fat fractions. 
Slow precipitation of cholesterol digitonide may be 
overcome by evaporation of the acetone-digitonin solution 
to dryness (Okey 1930)* Because of difficulty in obtaining 
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a dlgitonide-free solution with the above method, the pre­
cipitate was washed with three changes of acetone in most 
of the analyses. 
The cholesterol digitonide \/aa partially dried by 
placing the tubes in a water bath. After washing with 
warm distilled water to remove any excess digitonin, the 
precipitate was dissolved in hot methyl alcohol and trans­
ferred to an oxidation flask, Tae tubes were rinsed with 
two portions of alcohol and these were likewise added to 
the oxidation flask. The solvent was evaporated and oxida­
tion was carried out as previously described. 
To the extract containing ester cholesterol and neu­
tral fat was added 5 drops of 1^ .0 per cent sodium hydroxide. 
This was slowly evaporated to about 1 ml. in a water 
bath during a period of 1 hour. A small quantity (2 drops) 
of O.Oif per cent phenol red in O.O^ N sodium hydroxide was 
added, followed by 2$ per cent sulfuric acid until the 
solution was acid. The mixture was then extracted tlxree or 
four times with small portions of redistilled 
petroleum ether. Transfer was accomplished by means of a 
suction apparatus constructed of small bore glass tubixig. 
The petrolexom ether was evaporated in a water bath and the 
last traces were flushed out by a gentle stream of carbon 
dioxide. About 5 ml, of redistilled acetone, if ml, of 0.2 
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per cent digltonin Merck in redistilled ethyl alcohol, and 
i}. drops of 5 per cent HCl were added. Tubes were allowed 
to stand overnight in a covered storage dish for maximtiia 
precipitation of cholesterol. Tubes were centrifuged and 
the solvent evaporated in a water bath. The residue was 
extracted with three portions of redistilled ethyl ether 
which were transferred to a second centrifuge tube. lEhls 
solution contained neutral fat fatty acids plus the fatty 
acids of ester cholesterol. The residue remaining after 
ether extraction consisted of cholesterol digitonide plus 
excess digitonin. 
The residue from above waa washed with warm distilled 
water to remove excess digitonin. The cholesterol digi­
tonide was dried, dissolved in hot methyl alcohol, and 
transferred to an oxidation flask, T/.e solvent was 
evaporated and oxidation was carried out as previously 
described. 
The ether extract containing the fatty acids of 
neutral fat plus ester cholesterol was made up to volume 
(15 ml. or 25 ml.). A 5 aliquot was used to determine 
fatty acids by oxidation, and, in experimental samples, a 
second aliquot was used to determine the iodine value. 
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Iodine values of purified lipids 
!Ehe unsaturation of lipids is more commonly measured 
bj tile iodine number i^ lch is the nximber of graias of 
iodine absorbed by 100 g, of lipid. Thus, the iodine 
value varies directly with tne degree of unsaturation. 
Various halogenating agents have been used in order to in­
crease the rate of absorption. Wijs» metiiod utilizes 
iodine monochloride solution which is stable for approxi­
mately 30 days (A.O.A.C. 19145)* The von Hiibl modification 
consists of halogenating with a solution of 5 pei* cent 
(w/v) iodine in 96 per cent alcohol mixed with an equal 
volxjme of 6 per cent (w/v) mercuric chloride in alcohol 
the day before using (Leathes and Raper 1925)* The Hanus 
method utilizes iodine monobromide as the halogenating 
agent. Pyridine sulfate dibromide was first used in 
iodine number determinations by Rosenmund and Kuhnhenn 
(1923). Iodine values of small amoxmts of lipids were 
determined according to this method by Yasuda (1931)* 
The iodine values of several purified lipids were 
measvired by the pyridine sulfate dibromide method. The 
data are summarized in Table XI. An aliquot of an alcohol-
ether solution of the lipid was pipetted into a 125 nil* 
glass-stoppered Erlenmeyer flask. The solvent was 
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evaporated on a water batii and last traces were fluslied 
out with a gentle stream of carbon dioxide. The lipid was 
dissolved in $ ml, of chloroform, and 2 ml. of pyridine 
sulfate dibromide reagent was added. After a reaction 
period of 15 minutes, 1 ml. of 10 per cent potassium 
iodide and tiien $0 ml. of distilled water were added. 
Approximately 1 ml. of 1 per cent starch solution was added 
and the solution was titrated to colorless witii 0.02N 
sodium thiosulfate (standardized by Cu as recommended by 
Hall 19li-l)* At least two blanks were run with each set of 
determinations, 
Iodine nvuabers were calculated according to the 
following formxila: 
I no._{t.v. of blank-t.v. of sample)(N of NagSsOj)(12.692) 
aampie' wt. 'in "g. 
where t.v.= titration value. 
Bie pyridine sulfate dibromide reagent was prepared 
according to the Rosenmund-Kuhnhenn method (Yasuda 1931 )• 
Approximately l6.5 ail. of purified pyridine and 10.9 ml. 
of concentrated sulfuric acid were measured into separate 
flasks containing about ifO ml. of glacial acetic acid. 
These two solutions were combined and $ ml. of bromine in 
0^ ml, of glacial acetic acid was added. The mixture was 
made up to 2L. with glacial acetic acid. 
!F&ble XI* Iodine llm^ ra of Purified lipids (Tasuda xaethod) 
Upid nworetioal 
I xssBher 
SasE^le 
wt. (lag.) 
A.-7»rage 
determined 
I naaberl 
Average 
Tariatioa 
from aeazi 
Palmitic acid 0.0 S.90 0.0 0.0 
Stearic acid 0.0 S.00 1.7 2.2 
Oleio aoid 89.9 3.20 86«2 1.6 
Idaoleio aeid 181.1 2.60 150.8 2.8 
linolemte 260.4 5.91 224.6 1.0 
Leoithin 2.90 28.4 1.2 
Cholesterol 66,7 4.40 es.i 1.2 
Choleatezyl 
aeetate 59.2 4.50 60.4 2.4 
A^verage of S detenalimtions 
7lj.. 
Molstiire determlnatlona 
Moisture determinations were made in duplicate on 
insect samples and certain media components. Insect 
material reached a minimum weight after 12 hoxirs in an 
oven at 102tl®G. A period of 6 hours at 102-1°C. was 
chosen as the heating period for fish meal. Cooke (19^ 8) 
demonstrated tiiat the water content of fish meal was more 
accurately determined by heating at 100°C. for about 
5 hours. The data relating to moistiare determinations 
are stimmarized in fable XII. 
Table XII. Sample Weiglits After Heating at 102^ 1^ 0. 
For Varying Periods 
Insect material Sardine fish meal 
Sample 1 Sample Z Simple 1 Saiaple 2 
Wt. of container 
plus materiaKg.) 20.8651 20.7891 22.8l3ij. 22.06i^  
--).6: -Wt. container 2O.7O3O 20.6361^  20.7039 20.6373 
Wt. material 0.1621 0.1527 2.1095 l.i|i72 
Wt. after 2 hrs. 22.6138 2I.929I 
" " k " 20.7590 20.6910 22.6105 21.9260 
« " 6 " 22.6103 21.9255 
« " 8 « 20.7590 20.6907 22.6014! 21.9206 
« " 12 " 20.7582 20.6894. 22.6OI1{. 21.9198 
« « 16 « 22.6010 21.9192 
" « 2k " 20.759k 20.6911 22.6007 21.9189 
•» « I4.8 « 20.7587 20.6905 
« « 72 " * 20.7589 20.6906 
% water 65.95 65.29 9.63 9.7k 
(12 hrs.) (12 hrs.) (o hrs.) (6 3ir«,) 
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Results 
Determinations of phospholipid, free oholesterol, 
ester oiiolesterol, and non-phoapholipid fattj acids 
were made on 0.1 to 0.35 S* saiaples of insect siaterial, 
Otiier lipid eompoiients were calculated from these four 
values by tli© motliod of Boyd (1933 )• Tii® calculation 
scheme was as follows: 
total lipid. 
neutral fat 
total fatty acids. 
(a} phospholipid fatty acids 
(b) ester oholesterol fatty acids...... 
(c) neutral fat fatty acids. 
total oholesterol 
ester cholesterol. 
free cholesterol * 
phospholipid. 
ISi© potassim dichromate factors used to calculate 
the various components were: phospliolipid, 3«00; 
cholesterol digitonid©, 10.62; and non-phospiiolipid fatty 
acids, 3»61. The last value of 3#^ 1 *as cnosen because a 
survey of the available literature on insect lipid analy­
ses indicated tnat and C^ S acids predominate in 
ixisect fats. 
Total cholesterol equaled ester cholesterol plus 
free cholesterol^  The £unount of phospholipid fatty acids 
was obtained by multiplying tiie phospholipid value by 
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0.67. Tti® same factor times the eater cholesterol value 
gave the weight of ester cholesterol fatty acids. The 
value for neutral fat fatty acids was determined by sub­
tracting cholesterol ester fatty acids from non-
phospholipid fatty acids. Total fatty acids was the 
sum of (a), (b), and (c). Since approximately 95 per 
cent of the more common neutral fat molecules is de­
rived from the fatty acid fraction, division of the 
neutral fat fatty acid value by 0.95 gave the neutral 
fat value. Total lipid was calculated by the siainmation 
of neutral fat, cholesterol ester fatty acids, total 
cholesterol, and phospholipid. 
Effects of me tamor phosis and age in/r on lipid 
composi'tl!on 
Data resulting from an investigation of the effects 
of metamorphosis and ageing on the nature of tiie lipid 
fraction of Dermestes maculatus are presented in Table 
XIII and Table XIV. Most of the values in the tables 
represent the average of determinations made on duplicate 
samples. 
fable XIII. Water and Lipid Composition (Per Cent of lAve Weight) of Different Stages of 
Denaeatea aaeulatua Deg. 
Stage Water Phoapho-
lipid 
Sbtal 
eholeaterol 
fbtal 
fatty 
aeida 
leutral 
fat 
Total 
lipid 
Iodine no. of 
non-phoapholipid 
fatty aeida 
2gg 80.8 4.91 0.84 11.02 7.68 13.87 — 
30 day larva 74.8 1.85 1*54 3.80 1.96 6.06 41.4 
20 day larva 74.1 5.24 0.74 12.56 9.26 15.30 79.7 
SO day larva 66.8 4.77 0.81 9.08 5.91 11.76 75.1 
Prepupa 57.2 4.04 0.57 17.09 14.85 19.73 65.7 
Hewly formed 
pupa 58.0 3.02 0.76 20.20 18.73 22.90 53.2 
Old pupa 58.2 4.26 1.19 12.94 10.01 16.04 74.4 
Hewly eiaerged 
female adult 61.4 2.92 1.25 9.57 7.66 12.16 42.5 
Ovipositing 
feioale 66,6 0.96 1.01 2.71 1.81 4.22 44.7 
Old femle 
adult 68.9 1.44 1.35 2.66 1.27 4.54 16.8 
Bewly eB»rged 
male adult 62.7 S.S6 0.80 7.91 8.70 10.10 26.3 
Old mle adult 69.8 1.69 2.10 2.21 0.18 4.89 5.8 
Tabl« XIT. Distribution of Idpid Compononts as Pereimtag« of Satal Lipid 
Stag» Fbospholipid Total 
oholesterol 
foh^l 
fatty 
acids 
Heutral 
fat 
Ghoiesteroi 
ester 
fat-^ aoids 
Total 
lipid 
Sgg S4,86 6.10 79.60 55.80 3.24 100.00 
10 day larva 51.30 25.54 62.52 31.60 11.56 100.00 
20 day larm 34.01 4.54 81.24 59.70 1.74 99.99 
30 day larra 40.55 6.92 77.20 50.30 2.22 99.99 
Fr«pupa 20.44 2.88 86.60 75.29 1.39 100.00 
Hewly formed 
pupa is.ao 3.34 88.22 81.74 1.72 100.00 
Old pupa 27.10 7.50 80.46 61.73 3.67 100.00 
Howly eaierged 
fesale adult 23.87 10.36 78.62 62.92 2.84 99.99 
Ovipositing 
female 22.75 26.05 65.33 42.79 8.42 100.01 
Old fdzoale 
adult 51.86 29.66 58.46 27.74 10.74 100.00 
Kewly es»r^d 
sale adult 53.22 7.90 78.30 56.46 2.43 100.01 
Old nale adult 34.69 43.18 45.26 3.75 18.58 100.00 
79 
For tMs investigation, the medlvua was sardine fish 
meal wlJ.ch had the following water and lipid analysis 
(wet basis); 
% water 8.6 
% phospholipid i4..73 
% total cholesterol. 1.11 
% total fatty acids........ 11.63 
% neutral fat 6.65 
% total lipid............ lif.95 
Iodine no. of non-phospholipid 
fatty acids. 17*6 
Duplicate moisture determinations were made on 
samples of insect material removed from the cultiire at 
the same time as ttie samples for extraction. Bie range 
of two determinations on the same insect stage was always 
less than two per cent. The water content decreased from 
80.8 per cent in the egg to $7,2 per cent in the prepupa. 
A slight increase during the pupal stage was continued 
throxighout adult life. The moisture percentage was 61.I4, 
for adult females 2 to 3 days old; 66,6 for ovipositing 
females approximately 3 weeks old; and 68.9 females 
at least 6 weeks old. The water content of adult males 
increased from 62.7 per cent in individuals 2 to 3 days 
old, to 69.8 per cent in those at least 6 weeks old. 
Certain trends in the lipid composition of D. macula-
tus are indicated by the data, phospholipid constituted 
1^ ..91 per cent (wet basis) of tiie egg and only 1.85 per 
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cent of a 10 day old larva. This value then climbed to 
5.2l^  per cent in a 20 day larva, only to decrease gradu­
ally to 3,02 per cent in the newly formed pupa. An 
Increase to li.,26 per cent during pupation was followed 
by a decrease during the adult life of both sexes. The 
3 weeks old and actively ovipositing female contained 
less phospholipid than the 6 weeks old female. 
Total cholesterol amounted to 0,8if per cent of the 
fresh wei^ t of the egg and 1.51+. P©3^  cent of the 10 day 
larva. The content decreased to O.yij. per cent of tne 
live weight in trie 20 day larva and remained fairly con­
stant ointil the latter part of the pupal stage. Pupae 
in which the wing pads were beginning to acquire color 
contained 1,19 P®^  cent total cholesterol. The percentage 
during adult female life varied from 1,01 to 1,35* The 
value for newly emerged males was O.BO per cent and for 
males 6 weeks old, 2,10 per cent. 
Total fatty acids accounted for 11,02 per cent of 
the weight of the egg and 3»80 per cent of the weight of 
a 10 day larva. Tliis lipid fraction increased as a per­
centage of the live weight throughout larval life and 
reached a maximum of 20,20 per cent shortly after pupation. 
A variation from ttxis trend was found for the 30 day 
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larva In that the total fatty acids amounted to 9«08 P®r 
cent, a decrease from the content of 12.56 per cent in 
the 20 day larva. The increase was resumed in tiae pre-
pupal stage, reached after approximately 35 days of 
larval life, A diminution in total fatty acids began 
during pupation and continued throughout the first six 
weeks of adult life. 
Neutral fat and total lipid decreased from the egg 
stage to the 10 day larva. With the exception of the 30 
day larva, these two values increased throughout larval 
development and reached a maximiim siiortly after pupation. 
A decrease, begiin in the pupal stage, continued during the 
ageing of males and females. Total lipid increased 
sliglitly from the ovipositing female to iiie 6 week old 
female. This was brought about by an increased content 
of phospholipid and total cholesterol. Jiiith the exception 
of total lipid in old adults, the female contained a 
higher percentage of neutral fat and total lipid than the 
male of a similar age. 
The maximijm percentage range between two determina­
tions on ttie same insect stage was; phospholipid, 2.i|j8; 
total cholesterol, 0.1^ 8; total fatty acids, and 
neutral fat, If.lji].. The range of 2,14.8 per cent between 
82. 
duplicate phospholipid determinations occurred in analysis 
of the egg stage. The next highest range was 0,78 per 
cent, 
The iodine niimber of non-phospholipid fatty acids 
increased from lfl,l4. in the 10 day larva to 79«7 in the 
20 day larva, A decrease in iodine number during the 
latter part of larval development was followed by an in­
crease during pupation, A second decrease was determined 
for the first six weeks of adult life. The iodine niamber 
of non-phospholipid fatty acids from males was less than 
that from females. 
When the various lipid components were calculated 
as percentages of total lipid, a few trends were evident. 
Phospholipid increased as a fraction of total lipid during 
the greater part of larval development, and decreased 
during the prepupal and early pupal stages. An increase 
accompanying pupation continued in the adult life of the 
male, A decrease, occvirring in the first portion of adult 
female life, was followed by an Increase, 
With the exception of the 30 day larva, total choles­
terol decreased in relation to total lipid during the 
larval period. An increase occurred in the pupal and 
adult stages, A similar trend was noted for the choles­
terol ester fatty acid fraction except for a slight 
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decrease In the newly emerged adult. 
Aside from variation in the 30 day larva, total fatty 
acids and neutral fat increased in relation to total lipid 
during the larval period end reached a maximum shortly 
after pupation. A decrease occurred in the pupal and 
adult stages. A sligiit increase in the neutral fat frac­
tion was determined for the newly emerged female. 
Effects of selected diets on lipid composition 
Data resulting from an investigation of the effects 
of selected diets on the lipid composition of D. maculatus 
are summarized in Tables XV and XVI. The basic item in 
most of the diets was sardine fisli meal extracted 12 hours 
with diethyl ether and 12 hours with chloroform in a 
regular Soxhlet apparatus. After this extraction, small 
samples of the fish meal were extracted fijrther in the 
microextractorJ analysis of the second extract was as 
follows (wet basis): 
% phospholipid 3*29 
% total cholesterol..... 0.92 
% total fatty acids 6.01 
% neutral fat 3*33 
% total lipid 6.18 
The fatty acids added to the extracted fish meal were 
the same purified products as those used to establish 
fftbls Water and Mpid Con5>o«ition (Per Cent of Live Weight) of Propupas of Parawatea aaculatua 
Beared on Yarious Media 
" fotal Iodine no. of 
Diet Diet Water Phospho- Total fatty Neutral fotal non-phospholipid 
no. lipid eholesterol aeids fat lipid fat^ aoids 
1 Sardine fish iwal S7.2 4.04 0.57 17.09 14.SS 19.7S 6S.7 
2 Sztraoted fish oeal 61.6 4.74 0.68 9.84 6.86 12.42 99.4 
5 Diet no. 2 plus 
1.0^  eholesterol 59.8 4.66 0.90 13.20 10.14 16.14 74.4 
4 Biet no* 8 plas 
10^  gl^ eerol 61.4 1.S6 2.29 7.44 5.71 10.45 58.0 
5 Diet no. S plus 
10^  steario aeid 60.6 1.26 1.98 8.19 6.65 10.91 65.2 
6 Diet no. 3 plus 
2S^ stearic aoid 58.8 1.40 2.95 10.58 9.07 14.45 61.2 
7 Diet no. 3 plus 
10^  oleio aeid 57.6 1.38 2.17 11.85 10.49 14.97 75.1 
8 Diet no. 3 plus 
oleio aoid 56.4 1.42 2.17 11.71 10.31 14.85 94.0 
9 Diet no. 3 plus 
10^  linoleie aeid 57.8 1.23 1.72 8.60 7.25 11.09 91.8 
10 Diet no. 5 plus 
10^  eom oil 57.2 1.25 1.78 13.49 12.58 16.32 95.8 
11 88^  easein, 9^  yeast, 
3^ cholesterol 56.4 4.51 0.67 12.26 9.52 14.90 46.9 
12 49^  frt»tose, 50^  yeast, 
cholesterol 56.4 5.34 0.55 22.12 19.26 25.40 44.7 
Tabla X?l* Distribution of Xdpid Components of Various Diets as Pero«ntage of Total Lipid 
Diet 
no. 
Diet 
'Ibtai! 
Phospho- Sotal fatiy Neutral 
lipid gholesterol aeids fat 
Cholesterol 
ester 
fatty aeids 
3!btal 
lipid 
1 
2 
3 
5 
6 
Sardine fish aeal 
SztinKQted fish meal 
Diet no. 2 plus 
1.0^ oholesterol 
Diet no. S plus 
10^ glyeerol 
Diet no. S plus 
10^ stearic aeid 
Diet no. S plus 
28^ stearic aoid 
Diet no. 3 plus 
10^ oleio aoid 
Diet no. 3 plus 
^ oleio aeid 
9 Diet no. S plus 
10^  linoleie acid 
10 Diet no. S plus 
10^  com oil 
11 88^  casein, 9^  yeast, 
$% cholesterol 
12 49^  fructose, 50^  yeast, 
1^ oholesterol 
20.44 
38.14 
28.95 
12.99 
11.56 
9.72 
8.90 
9.59 
11.10 
7.65 
30.36 
21.12 
2.88 
S.50 
5.60 
21.87 
18.12 
20.4S 
14.49 
14.59 
15.53 
10.93 
4.50 
2.16 
86.60 75.29 
79.22 53.76 
81.71 62.72 
71.13 54.61 
75.05 60.96 
73.22 62.81 
79.08 70.12 
78.81 69.43 
77.53 
82.66 
82.28 
87.16 
65.40 
77.08 
63.84 
75.72 
1.39 
2.60 
2.72 
10.52 
9.36 
7.04 
6.49 
6.39 
7.97 
4.S8 
1.30 
1.02 
100.00 
100.00 
99.99 
99.99 
100.00 
100.00 
100 .(» 
100.00 
100.00 
99.99 
300.00 
100.02 
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method of determination. The corn oil was a commercial 
product. 
Dried yeast was utilized in diets number 11 and 12. 
Analysis of small samples showed the following lipid con­
tent (wet basis): 
% water. 5*0 
% phospholipid 1.06 
% sterol (as cholesterol) 1.01 
% total fatty acids. 1.20 
% neutral fat 0.11 
% total lipid 2.56 
fflae casein was a vitamin-free product containing 
approximately O.Slj. per cent ether extract and 5.75 per 
cent water. The fructose used was chemically pure. 
Duplicate moisture determinations were made on 
samples of prepupae removed from the cultures at tiie same 
time as tue samples for extraction. The water content 
varied from 56.14. to 6I.6 per cent and apparently was not 
correlated with ohe lipid composition of the food or 
lipid composition of the insect material. 
Certain effects of diet on the lipid composition of 
S* ^ culatus are indicated by the data. Prepupae reared 
on ether-chloroform extracted fish meal contained a lower 
percentage of neutral fat, total fatty acids, and total 
lipid than those reared on the "imaltered" sardine fish 
meal as it comes from the processing plant. The 
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phospholipid and total cholesterol contents exhibited 
very little change. The iodine number of non-
phoapholipid fatty acids increased from 65*7 in prepupae 
reared on \maltered fish meal to 93 *^ 1 in prepupae reared 
on extracted fish meal. 
The addition of 1.0 per cent cholesterol to the 
medium of extracted fish meal resulted in an increase in 
neutral fat, total fatty acids, and total lipid. Phos­
pholipid and total cholesterol remained approximately 
the saine, The iodine number of non-phospholipid fatty 
acids decreased. 
Addition of 10 per cent glycerol to the medium of 
extracted fish meal plus 1.0 per cent cholesterol resulted 
in a decrease in total fatty acids, neutral fat, and total 
lipid to values slightly less tiian those for prepupae 
reared on extracted fish meal. Phospholipid content de­
creased considerably while total cholesterol increased. 
The iodine nxamber of non-phospholipid fatty acids for 
prepupae on the glycerol medixim was $8,0. 
Addition of purified stearic or linoleic acid to the 
diet of extracted fish meal plus 1.0 per cent cholesterol 
resulted in a lower prepupal content of phospholipid, 
total fatty acids, neutral fat, and total lipid. Addition 
of oleic acid to the same basic medium resulted in lower 
88. 
values for phospholipid, total fatty acids and total 
lipid. Total cholesterol exhibited a marked increase. 
Prepupae on a diet containing 25 per cent stearic acid 
contained a higher percentage of neutral fat, total 
fatty acids, and total lipid than those on a diet con­
taining only 10 per cent. Addition of l5 per cent oleic 
acid produced practically the same results as addition 
of 10 per cent oleic acid. Larvae failed to grow on a 
medium containing 20 or 25 per cent oleic acid. The 
iodine number of non-phospholipid fatty acids increased 
with the addition of more unsaturated fatty acids to the 
diet. 
When 10 per cent com oil was added to the basic 
diet, total fatty acids and total lipid remained almost 
the same, phospholipid decreased while total cholesterol 
and neutral fat increased. The iodine value of non-
phospholipid fatty acids increased to 95*8• 
A high protein medium of casein and yeast, plus 
cholesterol, produced prepupae with a lipid content 
sli^ tly less than that of prepupae reared on extracted 
fish meal plus cholesterol. The iodine number of non-
phospholipid fatty acids was also less. 
Prepupae reared on a high carbohydrate diet of 
fructose, plus yeast and cholesterol, contained a higher 
89. 
percentage of phospholipid, total fatty acids, neutral 
fat, and total lipid than prepupae reared on any of the 
other media. Total cholesterol content was 0,55 P®!* 
cent. The iodine number of non~phospholipid fatty 
acids was 
The distribution of the various lipid components 
of prepupae reared on selected diets is shown in Table 
XVI. When larvae matured on a diet of extracted fish 
meal, neutral fat and total fatty acids accounted for a 
smaller percentage of total lipid than when they matured 
on unaltered fish meal. Phospholipid and total choles­
terol Increased as a percentage of the total. 
Addition of 1,0 per cent cholesterol to ether-
chloroform extracted fish meal resulted in a decrease in 
the phospholipid fraction and an increase in the neutral 
fat fraction. Total cholesterol and total fatty acids 
remained about the same. 
When glycerol, corn oil, or purified fatty acids 
were added to extracted fish meal plus cholesterol, 
phospholipid decreased as a percentage of total lipid. 
Total cholesterol and cholesterol ester fatty acids 
exxiibited an increase. The effect on total fatty acids 
and neutral fat varied, Glycerol and stearic acid caused 
a slight decrease in total fatty acids. Glycerol added 
90 
to the medium decreased the neutral fat fraction. Corn 
oil and oleic acid increased the neutral fat fraction, 
A medium containing 88 per cent casein, aa com.pared 
to the medium of unaltered fish meal, increased the 
phospholipid and total cholesterol fractions. Neutral 
fat and total fatty acids declined as a percentage of 
total lipid. 
Prepupae developing on a high fructose diet had 
almost the same distribution of lipid components as 
those reared on \maltered fish meal. 
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DISCUSSION 
The discussion is divided into three sections; 
method; effects of metamorphosis and ageing on lipid 
compoaltion; and effects of selected diets on lipid 
composition. 
Method 
Ihe efficiency of different phases of technique 
was tested prior to analysis of insect samples. Extrac­
tion of small samples of lipid-containlng material was 
carried out in an especially designed microextractor 
for a total period of 30 minutes with a change of solvent 
(ethyl ether-ethyl alcohol) at the end of 15 minutes. 
Oxidation of aliquots of the extract with potassium 
dichromate indicated that extraction was practically 
complete at the end of this period. This micro-method 
removed lipid from fish meal previously extracted in a 
regular Soxhlet apparatus for 12 hours with ether and 
12 hours with chloroform. 
Modification of previously reported oxidation 
methods resulted In at least JO per cent recovery of 
different lipid components. The lowest percentage of 
recovery was obtained for phospholipid. Animal lecithin 
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of 90 cent purity was utilized and variation in the 
period of oxidation resulted in a maximvun average re­
covery of 73»7 per cent. A dicliromate factor of 
was used in calculations, as recoamended by Boyd (1938)• 
Sterols were determined by precipitation with 
digitonin and tiien oxidation of the digitonide. Since 
cholesterol is the predominant animal sterol, sterol 
digitonide was calculated by a dichromate factor of 
10,62 and reported as cholesterol. As noted by Boyd 
{1938)» each sample of digitonin must be tested with 
known quantities of a pxjrified sterol. Precipitation 
of cholesterol (c. p,) with Merck digitonin and pro­
longation of the oxidation period to three hours gave 
an average recovery of 8I4..2 per cent. Excess digitonin 
was removed by washing the precipitate with warm 
distilled water. 
Lipid components were separated by a modification 
of the methods of Boyd (193^ ) and Finkel (I9I1-8). ®ie 
procedure was tested with small quantities of piu'ified 
lipids, and average recovery was approximately 80 per 
cent. The recovery of choleateryl acetate was in excess 
of 80 per cent even though saponification with sodium 
hydroxide evidently renders some of the sterol unpre-
cipitable by digitonin (Okey 1930, Bloor 19il.3)« 
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Patty acids were calculated by use of a dichromate 
factor of 3»61« The factors for tlie cotaraon and 
fatty acids are as follows: palmitic acid, 3»59# 
stearic acid, 3»66; oleic acid, 3*6l; and linoleic 
acid, 3»57« Since these acids predominate in the fatty 
acid fraction of insects, 3»6l appeared to be the factor 
which would give the closest approximation to the true 
value for insect fatty acids. 
Iodine niimbers determined for small samples of 
purified unsaturated acids were less than the theoretical 
values* i^s was the case although determinations were 
made on aliquots of alcohol-ether solutions of the acids 
immediately after weighing. IChe iodine numbers for the 
non-phospholipid fatty acids of insect samples are un­
doubtedly low due to trie time and solvent evaporations 
involved in the separation procedure. When the amount 
of non-phospholipid fatty acids was low, the determinations 
were not very exact. The iodine number was based on less 
than 1 mg. of material in such cases. 
9ii.. 
Effects of Metamorphosis and 
Ageing on Lipid Composition 
llie trends indicated in this study relative to the 
water and lipid content of different stages of Dermestes 
maculatus are similar to those reported in the literatxire 
for other species. A negative correlation existed 
between the water and lipid ccntents of different stages 
of the insect. This was reported to be the case in 
Phyllophaga by Schweet (I9l}-1). The decrease in water con­
tent during larval development follows the general 
principle of Buxton (1932) that the larger an organism 
becomes the smaller the proportion of water. 
The marked decrease in phospholipid and neutral fat 
content from the egg stage to the 10 day larva can be 
correlated with utilization of food reserves during embry­
onic life. It is likely that these values reach a minimum 
at the time of hatching, or shortly thereafter. 
When phospholipid coitent, as a percentage of live 
weight, is plotted against age of the developing insect 
in days as shown in Figure 2, it is apparent that phos­
pholipid exhibits a marked increase during two periods 
of great physiological activity. These periods are: 
(1) the first part of larval growth and (2) pupation. 
Figure 2, Pihospliolipid Content of Different 
Stages of Permeates maoulatus 
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Theso increases may be related to the function of phos­
pholipids in the intermediary metabolism of fats. Loew 
(1891) postulated that lecithin serves as a transport 
medium for fats to pass into tissue cells, and as a 
medim for oxidizing fatty acids. The decrease in 
phospholipid during embryonic and early larval life 
of D. maculatus is similar to changes which occur in 
both rats and mice (Sinclair 193^ .^). When calculated 
as a percentage of live weight, the phospholipid content 
of these two animals is low at birth; increases rapidly 
during the first three weeks; and then decreases again. 
Changes found to occur in the lipid composition of 
£• laaoulatus during a portion of larval development are 
comparable to those reported for larvae of Tenebrio 
moll tor by Pinkel (191^ .8). He analyzed larvae at intervals 
of 25 days, beginning with individuals $0 days old and 
continuing to 200 days. The phospholipid content of 
Tenebrio decreased during this period, both as a percentage 
of live weight of tiie insect and percentage of total 
lipid. Total cholesterol content exiiibited very little 
change. Neutral fat, total fatty acids, and total lipid 
increased during this period, A variation from this 
trend was noted in that a temporary diminution in neutral 
fat was determined for the latter part of larval life. 
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A similar decrease was foiind-to occur in the 30 day larva 
or D. maculatus. It is unlikely that the low value was 
due to an error in determination since a third insect 
sample had approximately the same lipid composition. 
Bie total lipid content of several species of holo-
metabolic insects has been reported to reach a maximum 
shortly after pupation and decline during pupal and adult 
life. This was found to be the case with D. maculatus. 
The slight increase in phospholipid content from 
the ovipositing female three weeks old to the female at 
least six weeks old may be due to experimental variation 
or to increased fat metabolism. Fertile females ordinar­
ily oviposit a large number of eggs during the first 
three or four weeks of adult life, A decrease in ovl-
positlon for a week or more is then followed by an increase 
(Scoggin and Tauber 191+.9)* This last increase may well 
be a result of a alight replenishment of fat reserves 
used in egg production. 
An increase in total cholesterol occurred in adult 
life, Becker (193i{-) stated that the unsaponiflable frac­
tion of Tenebrlo molltor increased during adult life. 
This fraction would consist largely of sterols. 
VSfhen the iodine value of non-phospholipld fatty 
/ 
acids is plotted against the approximate age of the 
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insect (Pigxire 3 ) >  the cxarve follows the same general 
pattern as the curve pertaining to phospholipid content. 
The unaatiaration increases d\iring early larval develop­
ment and during pupation. The decrease in the iodine 
value during late larval life and in the adults is 
similar to a decrease reported for the sugar beet web-
worm, Loxostege stioticalia, by Pepper and Hastings 
(19l4.3)« They noted a gradual decline in iodine number 
from 13il-«9 in first instar larvae to 69,8 in adult fe­
males, It was believed that this decrease was not 
necessarily indicative of progressive saturation of 
fatty acids but was possibly a result of a preferential 
utilization of unsaturated fatty acids. 
Figure 3. Iodine Niimber of Non-phospholipid 
Patty Acids from Different Stages 
of Permeatea aaculatua 
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Sffecta of Selected Diets 
on Lipid Composition 
The physiological significance of changes produced 
in the lipid composition of prepupae of Permestea 
maculatus by changes in the diet is not apparent. The 
lipid content of larvae of this species can evidently 
fall within a wide range of values and still not cause 
any obvious variation in development. The degree of 
utilization of different fatty acids seems to differ. 
Th.e larvae are able to alter the diet lipid, but changes 
in the unsaturation of the diet fatty acids are reflected 
in the body fat. 
Larvae reared on ether-chloroform extracted fish meal 
coiitained less neutral fat and total lipid in the prepupal 
stage than larvae matured on unextracted sardine fish 
meal. Addition of 1.0 per cent cholesterol to the ex­
tracted food medium increased these two fractions in the 
insect, but did not cause tiie values to approach those 
for larvae on "unaltered" fish meal. Addition of 10 per 
cent glycerol, 10 per cent stearic acid, 25 P©r cent 
stearic acid, or 10 per cent linoleic acid to extracted 
fish meal plus 1.0 per cent cholesterol resulted in a 
decrease in phospholipid, neutral fat, and total lipid 
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contents. Addition of 10 per cent oleic acid, 1$ per 
cent oleic acid, or 10 per cent corn oil caused a 
similar decrease in phospholipid content but no great 
change in neutral fat content. On each of tiiese diets, 
the neutral fat was less than Uiat of larvae reared on 
"unaltered" fish meal. It is interesting to note that 
a 25 per cent level of stearic acid resulted in larger 
acciimulations of the various lipid components of the 
prepupae, as compared with the amounts at the 10 per 
cent level, while the two sets of data at the 10 per 
cent and l5 per cent oleic acid levels are almost 
identical. Evidently D. maculatus does not have the 
ability to utilize all fatty acids to the same degree. 
!Ihe above results are interesting in connection 
with the effects of similar diets on the time required 
for larval development of D. maculatus reported by 
Puentes He found that extraction of sardine fish 
meal removed a growth factor and thus resulted in an in­
creased larval time. Addition of cholesterol to the 
extracted medium partially replaced this factor but did 
not do so completely. The addition of various fatty 
acids, animal lipids, and plant lipids failed to replace 
the growth factor. The fatty acids utilized in the 
lol}.. 
present investigation were the same as those used by 
Puentea, but were added by nlm to the extent of only 
per cent in tiie extracted fish meal. 
It has been reported by Richardson (1926), Melampy 
and Maynard (1937 )> MacCay (1938)f and Puentes (19i}-8) 
that extraction of the diet of certain insects vd th fat 
solvents altered the food in sucrj. a way as to affect 
the growth value. This was true even when the extract 
was returned to the extracted food. From the present in­
vestigation it would seem also that extraction changes 
the fat-forming value of the food for the insect. Kiis 
may be brought about by a removal of lipid by the extrac­
tion process or removal of a factor which enters into the 
picture of lipid metabolism. 
When glycerol, purified fatty acids, or corn oil was 
added to the diet, tne total cholesterol content exhibited 
a marked increase. This is possibly correlated with the 
findings of Sano (192i}.), who reported that the rate and 
amount of absorption of cholesterol in dogs was dependent 
upon the amount of fat and fatty acids accompanying the 
sterol in the diet. 
The reflection of the xinsatiiration of diet lipids in 
insect stored lipids has been reported at least two 
other workers. Mela»npy and Maynard (1937) reported that 
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an Increase in the \insaturation of diet fat resulted 
in an accompanying increase in toe iodine number of 
tissue lipid of Blatella gerxnanlca. The same was found 
by Yuill and Craig (1937) to occur in Lucilia sericata. 
lo6. 
CONCLUSIONS 
I. A study of the effect of raetamorphosla and 
ageing on tiie lipid and water content of Permeates 
maculatua led to ttie following conclusions: 
1. Whereas the water content decreased from 80,8 
per cent in the egg to 57.2 per cent in the 
prepupal stage, it increased during pupation 
and adult life to 68,9 P®r cent and 69.8 per 
cent in approximately 6 week old females and 
males, respectively, 
2. Diiring tiie period of development from egg to 
10 day larva, phospholipid, total fatty acids, 
neutral fat, and total lipid decreased as a 
percentage of the fresh weight. Total choles­
terol increased from to 1,54 cent 
during this period, 
3. After an initial increase to 5«2ij. per cent in 
the 20 day larva, phospholipid declined to 
3,02 per cent in the newly formed pupa. An 
increase to 1^ ,26 per cent during pupation was 
followed by a decrease to approximately 3 P®r 
cent in young adults; and to even lesser 
amounts in old adults, A female approximately 
107. 
6 weeks old contained a sli^ tly greater 
amount of phospholipid than a yoxmger ovi­
positing female. 
Total cholesterol remained almost constant 
during larval life after a decrease from 
the per cent in the 10 day larva. A 
slight increase dxiring pupation continued in 
adult life. 
Total fatty acids, neutral fat, and total 
lipid increased as a percentage of live 
weight during larval life and reached a maxi­
mum si^ iortly after pupation. These components 
decreased dxiring the latter part of the pupal 
stage and in adult life. 
The iodine number of non-phospholipid fatty 
acids increased from 1^ .1.Ij. in 10 day larvae to 
79*7 in 20 day larvae; decreased to 53»2 in 
newly formed pupae; increased to 71^ .14- during 
the pupal stage; and decreased again during 
adult life. 
With respect to total lipid, phospholipid in­
creased in the larval stage; decreased in the 
prepupal and early pupal stages; increased 
during pupation and adult life of the male; 
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and increased during feinale life after an 
initial decrease. 
8, With a few exceptions, total cholesterol and 
cholesterol ester fatty acids decreased in re­
lation to total lipid in the larval period, 
and increased in the pupal and adult stages. 
9. Total fatty acids and neutral fat increased 
as a fraction of total lipid during the larval 
stage, and decreased during the pupal and 
adult stages. 
II, Analysis of prepupae reared on selected diets 
resulted in the following conclusions: 
1. The water content of prepupae reared on vari­
ous diets ranged from 56.1^ . to 6l,6 per cent 
and was evidently riot correlated with the 
lipid composition of the food or the lipid 
composition of the insect material, 
2. Prepupae reared on ether-chloroform extracted 
fish meal contained a lower percentage of 
neutral fat, total fatty acids, and total 
lipid than those reared on imaltered fish 
meal, as available from the processor. 
3. Addition of 1.0 per cent cholesterol to ex­
tracted fish meal resulted in an increase in 
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the content of neutral fat, total fatty acids, 
and total lipid. 
Addition of 10 per cent glycerol, stearic 
acid, or linoleic acid to the diet of extracted 
fish meal plus 1.0 per cent cholesterol, 
brought about a lowering of values for phos­
pholipid, total fatty acids, neutral fat, and 
total lipid. Addition of oleic acid to the 
same basic medium resulted in lower values for 
phospholipid, total fatty acids, and total 
lipid. Total cfiole sterol exhibited a marked 
increase, however. 
Prepupae developing on a medium containing 25 
per cent stearic acid contained a higher per­
centage of neutral fat, total fatty acids, and 
total lipid than those developing on a medium 
containing 10 per cent stearic acid. Addition 
of 15 per cent oleic acid did not increase the 
lipid content of prepupae as compared to that 
of prepupae on a diet containing 10 per cent 
oleic acid. 
The iodine number of tne non-phospholipid fatty 
acid fraction of prepupae went higiier with the 
addition of mox>e unsaturated acids to the diet. 
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7. A diet consisting of fructose, yeast, and 
cholesterol produced prepupae with a higher 
percentage of phospholipid, total fatty 
acids, neutral fat, and total lipid than did 
a diet of sardine fish meal. 
8. Prepupae matured on a high fructose diet had 
almost the same distribution of lipid compo­
nents, when calculated as a percentage of 
total lipid, as prepupae reared on unaltered 
fish meal, 
9. When larvae were reared on extracted fish meal, 
neutral fat and total fatty acids accounted 
for a smaller percentage of total lipid than 
when they were reared on unaltered fish meal. 
At tiie saae time, phospholipid and total 
cholesterol increased. 
10. Addition of 1.0 per cent cholesterol to ether-
chloroform extracted fish raeal resulted in a 
decrease in the phospholipid fraction and an 
increase in the neutral fat fraction, when 
calculated as a percentage of total lipid. 
11. Addition of glycerol, corn oil, stearic acid, 
oleic acid, or linoleic acid caused a decrease 
in the phospholipid fraction. Total 
111. 
cholesterol increased as a percentage of 
the total lipid. 
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The lipid content of insect diets varies to a 
great extent. Some insects are able to complete their 
development on a medium ccntaining only traces of fat, 
and synthesize bo<^  lipids from diet proteins and car­
bohydrates. A few species have been found to require 
as a growth factor a substance present in the unsapon-
ified fraction of lipids. In most cases, this substance 
has been identified as a sterol. 
The nature of stored fat in insects seems to be 
influenced by the following factors: development, 
nutrition, environmental temperature, sex, systematic 
position, starvation, hibernation, cold hardiness, and 
migration. A review of the available literatxire on the 
lipid content of insects disclosed that the major compo­
nents of the fatty acid fraction appear to be oleic, 
linoleic, palmitic, and stearic acids. Less saturated 
acids, and acids of both lower and higher molecular 
weight, have been identified in the extract of insects 
or insect products. Generalizations as to the phospho­
lipid and sterol fractions were not warranted by the 
review. 
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After extraction of insect samples with diethyl 
ether-ethyl alcohol (1:3) In an apparatus especially 
designed for this lipid study, the various lipid 
components were separated by a modification of the 
methods of previous workers. The components were 
determined by oxidation with potassiiwi dichromate and were 
calculated by the method comraonly used in blood lipid 
determinations. The moisture content of replicate 
samples, and the degree of unsaturation of non-
phospholipid fatty acids were also determined. The 
above procedures of lipid analysis were tested with pur­
ified compounds and applied to a study of the effects of 
metamorphosis, ageing, and selected diets on the lipid 
composition of Dermestes maculatus» 
Determination of the lipid composition of various 
stages of D. maculatus, when the medium was sardine fiah 
meal, indicated a few trends. Phospholipid, total fatty 
acids, neutral fat, and total lipid decreased as a 
percentage of the fresh weight during titie period of 
development from egg to 10 day larva. Total cholesterol 
Increased during the same period. After an Initial in­
crease in the 20 day larva, phospholipid content decreased 
until shortly after pupation. An increase during the 
pupal stage was followed by a decrease in adult life. 
lllf. 
Total cholesterol remained fairly constant during larval 
development after a decrease from the 10 day to tlie 20 day 
larva. A sli^ t increase during pupation ccsitinued in 
adult life. Total fatty acids, neutral fat, and total 
lipid increased as a percentage of live weight during 
larval life and reached a maximum shortly after pupation. 
A diminution occurred in the latter part of the pupal 
stage and in adult life. The iodine nutaber of non-
phospholipid fatty acids increased from tiie egg stage 
to the 10 day larva; decreased during the remaining 
portion of larval development} increased during pupal 
life; and decreased again during adixlt life. The water 
content decreased steadily dxiring larval development and 
increased during pupation and adult life. 
When calculated as a percentage of total lipid, 
phospholipid increased during early development; de­
creased in late larval development and tiie first part of 
the pupal stage; increased dioring the remaining part of 
the pupal stage and adult life of the male; and increased 
during female life after an initial decrease. With a few 
variations, total cholesterol and cholesterol ester fatty 
acids declined in relation to total lipid in larval life 
and increased in pupal and adult life. Total fatty acids 
and neutral fat increased as a fraction of total lipid 
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during the larval stage and decreased dviring the pupal 
and adult stages. 
Analysis of prepupae reared on various media indi­
cated a few effects of diet on body lipids. Larvae 
matured on ether-chloroform extracted fish meal contained 
a lower percentage of neutral fat, total fatty acids, 
and total lipid than those reared on unaltered fish meal. 
Ttxe phospholipid and total cholesterol contmts exliibited 
very little change. Addition of 1.0 per cent cholesterol 
to extracted fish meal resulted in an increase in tne 
content of neutral fat, total fatty acids, and total lipid. 
Addition of 10 per cent glycerol, stearic acid, or lino-
leic acid to the diet of extracted fish meal plus 
cholesterol caused a diminution in phospholipid, total 
fatty acid, neutral fat, and total lipid contents. Addi­
tion of oleic acid to the same basic medium produced 
decreases in phospholipid, total fatty acid, and total 
lipid contents. Total cholesterol increased markedly. 
When the meditaa contained 25 per cent stearic acid, tiie 
prepupae contained a higher percentage of neutral fat, 
total fatty acids, and total lipid as compared to pre­
pupae on a medium containing 10 per cent stearic acid. 
!Che iodine number of non-phospholipid fatty acids increased 
with the addition of more unsaturated acids. A diet 
li6. 
consisting of fructose, yeast, and cholesterol produced 
prepupae with a higher percentage of phospholipid, total 
fatty acids, neutral fat, and total lipid than a diet of 
sardine fish meal. 
Calculation of lipid co^ onents as a percentage of 
total lipid indicated a few trends. Neutral fat and 
total fatty acids accoxanted for a smaller percentage of 
total lipid in larvae reared on extracted fish meal than 
in larvae reared on unaltered fish meal. Phospnolipid 
and total cholesterol increased. Addition of 1,0 per 
cent cholesterol to extracted fish lueal resulted in a 
decrease in tiie phospholipid fraction and an increase 
in the neutral fat fraction. Addition of glycerol, 
corn oil, stearic acid, oleic acid, or linoleic acid 
caused a decrease in the phospholipid fraction when cal­
culated as a percentage of total lipid. Total choles­
terol exhibited an increase. 
117. 
LITEHATURE CITED 
Abderhalden, E» (1925). Beltrag zur Kenntnis der 
synthetischen Leistvingen des tierischen Organismus. 
Ztschr. f. Physiol, Chem, ll42:l89-190» 
Aeppler, C. W, (1922). Tremendous growth force. 
Gleanings Bee Cult, 50il5l-l53. 
Association of Official Agricultural Chemists. {19ii5). 
Official and tentative methods of analysis of the 
association of official agricultural chemists. 
6th ed. Wastaington, The Association. 
Bachstez, M. and Aragon, A. (191+2). Notes on Mexican 
drugs. II, Characteristics and composition of the 
fatty oil from "Gusanos de Maguey" (caterpillars 
of Aoentrocneme hesperiaris), Jour. Amer. Pharm. 
Assoc. 
Bacot, A. W. and Harden, A. (1922), Vitamin require­
ments of Drosophila. I, Vitamins B and C. 
Biochem, i"our , 16: II4.8-152. 
Bang, I, (1918). Vei'fahren zur titrimetrischen Mikro-
bestimittung der Lipoidstoffe. Biochem. Ztschr, 
91186-103. 
Beall, G. (19il.8). The fat content of a butterfly, 
Danaus plejcippus Linn,, as affected by migration. 
IScology. 
Becker, M. (193i}-). Zur Biologie des Mehlwurms. III. 
Mitteilung! Wandlungen des Fettes wahrend der 
Metamorphose, Biochem. Ztschr, 272:227-231+-. 
Bergmann, W. (1936). The fatty acids of chrysalis oil. 
Jour, Biol. Chem. llii.;27-38. 
(1937). The sterols of silkworm feces. Jour. 
STol. Chem. 117:175-178, 
Bloor, W. R, (1928). The determination of small amovmts 
of lipid In blood plasma. Jour, Biol. Chem. 
77:53-73. 
118 
Bloor, W. R. (1929). The oxidative determination of 
phospholipid (lecithin and cephalin) in blood and 
tissues# Jour« Biol. Chem, 82:273-286, 
(19l4-3)» Biochemistry of tixe fatty acids and 
their coiapounds, the lipids. New York City, Reinhold 
Publiahing Corp. 
Bogdanow, E. A. (1908). Zur Prage uber Pettprodiiktion 
aus Eiweiss (und zuglelch uber die Methodik der 
Pettbeatiniia\ing). Jour, Landw. 
Boyd, E, M. (1938). The oxidative micro-eatiination of 
blood liplda, Amer, Jour, Clin, Path. 8(Tech, Sup.): 
77-90. 
Busnel, R-G. and Drilhon, A. (1937)• Etude biochimique du 
p^tlnotaraa deceinllneata Say pendant 1'hi vernation, 
(iompt. ftend. Soc. Biol. 12)4.:916-917• 
Buxton, P. A. (1932). Terreatrial insects and tiie 
humidity of the environment, Biol, Revs. 7:275-320. 
(1935)• Changes in tiie composition of adult 
Culex pipiena during hibernation. Parasitology, 
Chibnall, A. C., Piper, S. H., Pollard, A., Williams, E. P. 
and Sahai, P. N. ^ 93^ 1-). The constitution of tiie 
primary alcohola, fatty acids and paraffins present 
in plant and insect waxes. Biochem. Jour. 28: 
2189-2208. 
Chiu, S. P. and MacCay, C. M. (1939)• Nutritional studies 
of the confused flovir beetle (Tribolium cmfusxim 
Duval) and the bean weevil (Acanthoacelides obtectua 
(Say) ). Ann. Snt. Soc, Amer. 32:lbl^ -l'/0. 
Collin, G. (1933)• Patty acids from the larva-fat of the 
beetle Pachymerus dactris L. Biochem. Jour. 
27:1373-137V 
Cook, S. P, and Scott, K. G. (1933)- The nutritional 
requirements of Zooteraopsis (Termopais) 
angusticollia. Jour. Cell, Compar. Physiol. 
ii.:95-110. 
119 
Cooke, N. E. {19ii.8). A comparison of three different 
methods of determining water in fish meal. Prog. 
Reports of the Pacific Coast Stations of the 
Fisheries Research Board of Canada, No. 77sll2-113* 
Ditman, L. P. (1938)* Metabolism in the corn earworm. 
I. Studies on fat and water. Md. Agr. Expt. Sta. 
Bui. 14.1!).. 
and Weiland, Q, S. (1938) • Ito-© metabolism of 
the corn earworm. II. Glycogen and moisture. 
Ann. Ent. Soc. Amer. 31s57o-5o7» 
Erdos, J, and Pollak, L. (1935). Mikro-Extraktionsap-
parat fur die Bestimmung der alkohol-ather-
Idslichen Lipoids. Mikrochemie. 19:2i|5-2lf7. 
Evans, A. C. (1932). Some aspects of chemical changes 
during insect metamorphosis. Jour. Expt, Biol. 
9:3lil.-321. 
(1934-) • On the chemical changes associated 
with metamorphosis in a beetle (Tenebrio molitor L.). 
Jour. Expt. Biol. ll:397-l|.01. 
Pieser, L. P. and Pieser, M. (191^ 4) • Organic chemistry. 
Boston, D. C. Heath and Company, 
Pinkel, A. J. (191^ 8). The lipid composition of Tenebrio 
molitor larvae. Physiol. Zool. 21illl-133. 
Praenkel, G. and Blewett, M. (19i^ 3a). The sterol re­
quirements of several insects. Biochem. Jour, 
37:692-695. 
(191^-3^). The natural foods and the 
food requirements of several species of stored 
products insects. Ent. Soc, London, Trans, 
93457-i|.90. 
Reid, J. A., and Blewett, H. (I9i}-1). The sterol 
requirements of the larva of the beetle, Dermestes 
vulpinus Pabr. Biochem. Jour. 35J712-720. 
Prew, J. G, H. (1929). Studies in the metabolism of in 
sect metamorphosis, Joxjt. Expt. Biol. 6i205-2l8. 
120 
Probrich, G. (ISii-O). Uhtersuchiongen uber Vitaminbedarf 
und WachatixEofaktoren bei Insekten. Etschr, f, 
Vegleichende Physiol, 27;335-383* 
Prost, P. M., Herms, W. B., and Hoskins, W» M« (1936). 
The nutritional requireiaents of the larva of the 
mosquito, Thepbaldia incidens (Thorn,), Jo\ir, Expt, 
Puentes del Valle, 0. {19i^ 8), Effects of fats and fatty 
acids on growth of Demestes vulplnua; and influence 
of fisi:i meal ether extract on oviposit ion. Unpub­
lished M, S, Thesis, Ames, Iowa, Iowa State College 
Library. 
Pulton, R. A. and Charaberlln, J. C. (193Jf). An improved 
technique for the artificial feeding of txie beet 
leafhopper with notes on its ability to synthesize 
glycerides. Science (N, S,). 79s34^ -3^ 1-8• 
and Romney, V. S, (1914-0), The chloroform-
Boluble components of beet leafhoppers as an 
indication of the distance they move in the spring. 
Jour. Agr, Research, 6l:737-714-3* 
Gadamer, J. (1917). Ueber das Wachs einer wilden Biene 
Siid-Brasiliens. Arch, Pharm, 
Gardner, J. A, and »Villiams, M. (1921). A critical 
study of the methods of estimating cholesterol and 
allied substances. Biochem, Jour. 15063-375• 
Gay, P. J, (1938)• A nutritional study of the larva of 
Demestes vulpinus P. Jour, Expt. Zool, 79j93-107« 
Giral, P, (I9I4.6), Pats of insects. V. Sphen^ ium 
ms Charpentier, Jour. Biol, bhem,' 
Giral, J,, Giral, P., and Giral, M, L. (19i|-3). Sobre 
aceites de insectos. Ill, Kuevos datos sobre 
Taeniopoda auricornis Walker. Ciencia I}.j2l5-2l6, 
Zool, 73:i].61-t79. 
(I9I4.6). Pats of insects. 
IV, Composition of the fat of Malmioplus atlantis 
Riley. Jour, Biol. Chem, l62:55-'59» 
121 
Hall, W. T. (19ip.)» Textbook of quantitative analysis. 
Hew York City, John Wiley and Sons, Inc. 
Hastings, E. and Pepper, J, H. (19ii4)* fatty 
materials in dlapausing codling moth larvae 
(Carpocapaa pomonella L«). Arch, Biochem, l|.;39-96. 
Haub, J. G. and Hitchcock, P. A. {19il-l). T^he intercon-
version of foodstuffs in the blowfly (Phormia 
regina) during metamorphosis. III, cKemical 
composition of larvae, pupae, md adults. Ann. Bnt, 
Soc. Amer, 3ii.: 32-37# 
Heiltorunn, L. V. {19i|-3)* An outline of general physiology. 
2d ed. Philadelphia, W. B. Saunders Co. 
Heller, J, (1926). Chemlsche Uhtersuchungen iiber die 
Metamorphose der Insekten. IV. Mitteilung: 
Spinner and Schwarmer. Biochem. Ztschr. 172:59-73. 
Hilditch, T. P. (1947). 5^ he chemical constitution of 
natural fats. 2d ed. London, Chapman and Hall Ltd. 
Hobson, R. P. {1935a)• On a fat-soluble growtn factor 
required by blow-fly larvae. I. Distribution and 
properties. Biochem. Jour. 29:1292-1296. 
{1935h). On a fat-soluble growth factor re-
quired by blow-fly larvae, II. Identity of the 
growth factor with cholesterol. Biodiem. Joxir. 
29:2023-2026. 
Hofmann, P. (1872). Der Uebergang von Nahrungsfett in 
die Zellen des Thlerkorpers. Ztschr. Biol. 8:l53-l8l* 
Hsaio, S. C. (19i|B). A simple micromethod for rapid 
extraction of lipids. Science, 107:2i|.-25. 
Hunter, M. 0., iCnouff, R. A., and Brown, J. B. (19l|.5). 
Tlie micro determination of tissue lipids. Ohio 
Jour. Scl. tk-7 
Iyer, B. H. and Ayyar, P. R, (1931)* J* Indian Inst. Sol. 
li^ J!i;l|.0, Original not seen; cited in Hilditch, T. P. 
(191^ 7). The chemical constitution of natural fats. 
2d ed. p. 67. London, Chapman and Hall Ltd. 
122 
Jackson, C. H. N. (1937)« Water and fat content of 
tsetse flies. Natvire, 139j67i|.""675* 
Janot, M, M. and Paudemay, P. (1937)• Bull, Soc. chim. 
Ij-Cv) :lll^ 9* Original not seen; cited in Hilditch, 
T. P. (19l4.7)« The chemical constitution of natural 
fats. 2d ed. p. 68. London, Chapman and Hall Ltd. 
Johannson, B. (1920). Der Gaswechsel bei Tenebrio 
molitor in seiner Abhangigkeit von der Hahrung. 
Acta Bhiversitatis Lundensis (N. S.). l6(5). 
Kimura, W., (1927)* i/ber die Bestandteile der 
ungesattigten Pettaaiiren des Chrysalidenbls. 
Jour. Soc. Chem. Ind. Japan. 30:223B-226b. 
(1930.) Anwendung der Rhodanzahl. 
IV... Analyse der Linolensaure enthaltenden Ole. 
1. Uber die Zusaimaensetzung des Chrysalidenbls. 
Jour, Soc. Chem. Ind. Japan. 33s262B-26i^ . 
Kotake, Y. and Sera, Y. (1909)* Findet die Diawandlung 
von Pett in Glykogen bei der Seidenraupe wahrend 
der Metamorphose statt? Ztschr. f. Physiol, 
Chem. 62:115-117• 
Kozhantahikov, I. W. (1938®)• Carbohydrate and fat 
metabolism in adult Lepidoptera, Bui. Ent, 
Research, 29:103-111+. 
(1938b). Physiological conditions of cold-
hardiness in insects. Bui. Ent, Research, 
29:253-262. 
Lafon, M. (1937)* Les facteura liposolubles necessaires 
a la croissance de Drosophila melanogaster Meig. 
Compt. Rend. Soc. Biol. 124:798-800. 
Leathes, J. B. and Raper, H. S. (1925). The fats, 
2d ed, London, Longmans Green and Company. 
Loeb, J* (1915)* The simplest constituents required 
for growth and tha completion of tne life cycle 
in an insect (Drosophila). Science (K. S.) 
l^ JL: 169-170. 
123. 
Loew, 0. (1891). JJeber die physlologischen Punktlonen 
der Phosphorsaxire, Biol, Zentr. 11:269-281. 
MacCay, C. M. (1938). The nutritional requirements 
Blattela Rermanica. Physiol. Zool. 11:89-103. 
MacEwen, H. D. (1935)* Unpublished Thesis. Rochester, 
New York. University of Rochester Library. 
Original not seen: cited in Kelsey, P. E. (1939)* 
Determination of cholesterol. Jour. Biol. Chem. 
127:16. 
Maciuca, C. (1935). Variations saisonnleres des 
gralsses dans I'organlsme de Pyrrhocoris apterus. 
Compt. Rend. Soc. Biol. 119:2,^ 4.«'^ 25. 
Martin, H. E. and Hare, L. (19i|2). The nutritive re­
quirements of Tenebrlo molitor larvae. Biol. Bui. 
83:1+28-1^ 37. 
Matthee, J. J. (19lj5)* Biochemical differences betwe®a 
the solitary and gregarious phases of locusts and 
noctulds. Bui. Ent. Research. 36:3li-3-371. 
Melampy, R. M. and Maynard, L. A. (1937). Nutrition 
studies with the cockroach (Blattella f;ermanlca). 
Physiol, Zool. 10:36-1^ 4* 
Willis, E. R., and MacGregor, S. E. (19i|.0). 
Biochemical aspects of tiie differentiation of the 
female honeybee (Apis mellifera L.). Physiol. 
Zool. 13:283-293.""^  
Mellanby, K. (1936). Experimental v/ork with the tsetse-
fly, Glosalna palpalis, in Uganda. Bui. Ent. 
Research. 27:bll-632. 
Mlchelbacher, A. E., Hoskins, W. M., and Herms, W. B. 
(1932). The nutrition of flesh fly larvae, Lucilia 
aerieata (Melg.). I. The adequacy of sterile 
83^  the tic diets. Jour. Expt. Zool. 61j,:109-131« 
12l|.. 
Moskalenko, ?/, (1933)* Insects (cockroaches) as test 
animals in the quantitative analysis of vitamins 
in foodstuffs. Questions of Nutrition (U. S. S. R.). 
2{Ii.) :28-32. Original not seen: abstracted in 
Nutrition Abstracts and Reviews, 3!^ 3* 1933-193i^ * 
Neave, S. A. (1939)* Nomenclator zoologicus. I4. vols. 
London, Zoological Society of London. 
Neustadt, M. H. il9l\2), An improved Soxhlet extractor. 
Ind. Eng. Chem., Anal. JSd. ll1.tl4.3i. 
Nishikata, f. (1922). Bin experimenteller Beitrag sum 
Studium der Fettbildving aus Siweiss beim Wachstiua 
der Pleigenmaden. Jour. Biochem. lj26l-279* 
Offhaus, K. (19ll.O), Der Binfluss von wachstumfordornden 
Paktoren auf die Insektenentwickltjng unter besonderer 
Beriicksichtigxmg der Phyto-Homone. Ztschr. f. 
Vergleichende Physiol. 27:38ii.-ii28. 
Okey, R. (1930). A micro method for the estimation of 
cholesterol by oxidation of the digitonide. Jour. 
Biol. Chem. 88:367-379. 
Parkin, E. A. (193^ ). A study of tlrie food relations of 
the Lyctus powder-post beetles. Ann. Appl. Biol. 
Patton, M. B., Hitchcock, P. A., and Haub, J. 0. {19l^ .l). 
The interconversion of foodstuffs in the blowfly 
(Phormia regina) during metamorphosis. II. Changes 
in compositionas determined by the oxycalorimeter. 
Ann. Ent. Soc. Amer. 3il-:26-31. 
Pepper, J. H. and Hastings, E. (191^ -3)• Biocxiemical 
studies on the sugar beet webworm (Loxostege 
sticticalis L.) with special reference to the 
i'atty acids and their relation to diapause and 
sterility. Montana Agr. Expt. Sta. Tech, Bui. ii.l3» 
Pfeiffer, I, W. (19lA)» Effect of removal of the 
corpora allata on tiie fat metabolism and water 
content of the grasshopper. Anat. Rec. 8l(Sup.):57. 
Pollak, L. (1935). Mikromethode zur Bestlmiaung des 
Blutfettes. Mikrochemie. 19:190-193• 
125. 
Popjak, G» (19^ 3). Colorlmetric determination of total, 
free and ester cholesterol in tissue extracts. 
Biochem. Jour, 37 
Richardson, C. H. (1926), A physiological study of the 
growth of the Mediterranean flour moth (Bpheatla 
kuehniella Zeller) in wheat flour. Jour, Agr. 
Research. 32:895-929. 
Rosenmund, K. W. and Kuhnhenn, W. Z. (1923). Z. IMtersuch. 
Nahr. Genussm. I4.6|l5i}.. Original not seen: cited 
in Yasuda, M. (1931). The determination of the 
iodine niamber of lipids. Jour. Biol. Chem, 9i|.5401, 
Rudolfs, W. (1926a). Studies on chemical changes during 
the life cycle of the tent caterpillar (Malacosoma 
americana Fab.). I, Moisture and fat. Jour. Ji', Y. 
Ent. Soc. 3^ 4-s249-256. 
(1926b), Studies on chemical changes during the 
life cycle of the tent caterpillar (Malacosoma 
americana Fab.). II, Nitrogen and its relation to 
moisture and fat. Jour. N. Y. Ent. Soc. 34019-330. 
Sacharov, N, L. (1930). Studies in cold resistance of 
insects. Ecology. 11:505-517. 
Sano, M. (1924). Tohoku Jour. Expt. Med, 4^ 417. Original 
not seen: cited in Bloor, W. R. (1943). Biochem­
istry of the fatty acids and their compounds, the 
lipids, p. 106. New York City, Reinhold Publishing 
Corp. 
Schulz, Pr, N. (1922). iiber Parbstoff xand Wachs der 
Blutlaus (Schizoneura lanigera). Biochem. Ztschr, 
127;112-117; 
Schweet, R. S. (194^ )* Determination of ether-soluble 
lipids from insect tissues. Unpublished M. S. 
Thesis. Ames, Iowa. Iowa State College Library. 
Scoggin, J. K. (1948). Some phases of the bionomics 
of Dermestes vulpinus Pabriclus. M. S. !Ehesls. 
Ames, Iowa. Iowa State College Library, 
126. 
Scoggin, J. K. and Tauber, 0. E. (19^ .9)• The bionomics 
of Dermestes raaculatua Deg, I, Oviposition, 
longevity, period of incubation, Iowa State College 
Jour, Sci. 29:363-373. 
Seidell, A. (1919)* Solubilities of inorganic and 
organic compoxinda. New York City, D. van Nostrand 
Company Inc. 
Sinclair, R. G. (193l4-)» The physiology of the phospho­
lipids, Physiol. Revs. lIi.:35l-^ 03» 
Sinoda, 0. and Kurata, M, (1932). Nutritional study on 
deriaestid beetles, I, The chemical composition, 
and especially the nature of the ether extract of 
beetles. Jour. Biochem, l6;129-139* 
Slifer, E, H. (1930)• Insect development, I. Patty 
acids in the grasshopper egg, Physiol. Zool, 
3!iJ03-5l8. 
Slowtzoff, B, (1909)» Beitrage zur vergleichenden 
Physiologie des Htmgerstoffwechsels. V. Mitteilung, 
Der Himgerstoffwechsel der Mistkafer (Qeotrupes 
stercoralis). Biochem, Ztsclir. 19:^ 04-500. 
Smith, F, (19141.) • Nutritional requirements of Camponotus 
ants, Ann, Ent, Soc, Amer, 37!^ 01-if08, 
Solomon, M, B, (I9I45). The use of cobalt salts as 
indicators of humidity and moisture. Ann. Appl. 
Biol. 32;75-85. 
Souza, V. de and Sreenivasaya, M, (19i|5). Relative 
growth promoting potency of some sterols on Coreyra 
cephalonlca Staint. Cxirrent Sci. l]4.:178-l80, 
Stoneburg. Unpublished data. Cited in Bloor, W, R, 
(19iii-3)« Biochemistry of the fatty acids and their 
compounds, the lipids, p. 229. New York City, 
Reinhold Publishing Corp, 
Straus, J, (I9II). Die chemische Zusammensetzung der 
Arbeitsbienen und Drohnen wahrend ihrer verschiedenen 
Entwicklimgsstadien. Ztschr. Biol, 56:314-7-397. 
127 
Suzuki, B. and Yokoyarna, Y. (1928), On the separation 
of glycerides. Part IV. Oil of silkworm pupa. 
L'np, Acad, Japan, Proc. I4.:l6l-l6i^ , 
Sweetman, M. D. and Palmer, L. S. (1928), Insects as 
teat animals in vitamin research, I. Vitamin re­
quirements of ttie flour beetle, Tribolium confusum 
Duval. Jour. Biol. Chem, 7?!33-52. 
Tatum, S. L. (1939)• Nutritional requirements of 
Drosophila melanogaster. Nat. Acad. Sci., Proc, 
^ 
Thorns, H, (1913)• Arb. Pnarm, Inst, Univ, Berlin, 
lOsldO, Original not seen: cited In Hilditdi, T, P. 
(191^ .7 )• ©i® chemical constitution of natural fats, 
2d ed. p. 67, Iiondon, Chapman and Hall Ltd, 
Tichomiroff, A. (1885). Chemisch© Studien uber die 
Entwicklung der Insekteneier, Ztschr. f, Physiol, 
Chem, 9:518-532. 
Timon-David, J, (1927a). Sur quelques huiles d'insectes, 
Compt, Rend. Soc. Biol, 9oi1225-1227, 
(1927b). Sur 1» elaboration synthetique des 
corps gras chez les larves xylophages. Compt. 
Rend, Soc, Biol, 97:586-588, 
(1928), Contribution a l^ etude d© la 
constitution chimique et du metabolism® des corps 
gras chez les insectes, Bui, Soc, Chlm, Biol. 
10:781|.-795. 
(1930)* Contribution a 1>etude de la biochemie 
entomologlque, fluiles et graisses d'insectes, 
Bui, Soc. Chim. Biol. 12:395-^ 1-03• 
Townsend, G. P. and Lucas, C. C. (191^ 0), Chemical 
examination of the lipid fraction of royal jelly. 
Science (N. S,), 92:1^ 3* 
Tsujimoto, M, (1929)* Researches on insect oils, 
I, Firefly, locust, and cricket oils. Jour. Soc, 
Chem. Ind, Japan, 32:i^ 9B-5il3, 
128. 
Van't Hoog, E, G. (1935)• Aseptic culture of insects 
in vitamin research, Ztschr, f. Vitaminforsciaung. 
Ij.; 300-3214.. 
(1936). Aseptic cultxire of insects in vitamin 
research (continued). Ztschr. f. Vitaminforschung. 
5:118-126. 
Weinland, E. (I906). Uber die Stoffumaetzungen 
vahrend der Metamorphose der Fleisohfliege 
(Calliphora vomitoria). Ztschr. Biol. 1^ 7:186-231. 
(1908), e^r die Blld\mg von Pett aus 
•iweissartiger Substanz im Brei der Calliphoralarven. 
Ztschr. Biol. 51:197-278. 
Williams, C. B. (191^ 5)• Notes on the fat content of two 
British migrant moths (Lepidoptera). Ent. Soc. 
London, Proc. A. 20:6-13. 
Yasuda, M. (1931) • The detei'mination of tlxe iodine 
nxamber of lipids. Jour, Biol. Chem. 9i}-:^ 01-14-09• 
Yuill, J. S. and Craig, R. (1937)* The nutrition 
of flesh fly larvae, Lucllia aericata (Meig.). 
II, The development of fat. Jour. lispt. Zool. 
75:169-178. 
129. 
ACKNOWLEDGMENTS 
®ie writer wishes to express his gratitude to 
Dr. 0» E. Tauber for his constant interest and 
guidance. Appreciation is also extended to Dr, E. R. Bird 
for suggestions concerning the method of separation of 
lipid components, and to £^. R. M. Melampy for aid in 
solving problems of technique. 
130 
APPENDIX 
A colony of Dermestes maculatua was found developing 
in the laboratory in a glass aquarium containing a colony 
of the American cockroach, periplaneta amerlcana. The 
larvae and adults of D, maculatus fed on the Pablum and 
rolled oata used as roach food, on dead roaches, and 
possibly egg capsules. Analysis of adult females (mixed 
ages) from tiiis culture showed the following lipid 
composition (wet basis): 
% water 66.2 
% phospholipid... 1.27 
 ^total cholesterol 1.21 
% total fatty acids. . 2*14.6 
% neutral fat l.lS 
% total lipid 
The above lipid composition is very similar to that 
of old adult females reared on sardine fish meal. 
